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ASTUDY OF MAGAZINE AND NEWSPAPER SCIENCE ARTICLES 
WITH RELATION TO COURSES IN SCIENCES 
FOR HIGH SCHOOLS. ' 


By L. THomas Hopkins, 

Professo of Education, University of ¢ olorado. Boulder. Colorado 

The job of making courses of study is not so simple as itseems 
Che more one works in this field, the more complex the problem 
becomes. Before purchasing a suit of clothes, a watch, or a life 
insurance policy, it is customary for a person to have in mind 
certain standards which will guide in the selection. We must 
do the same thing in the case of a course of study Before 
incorporating subject matter, we must set up certain principles 
or standards which will aid in sifting material. To secure any 
large number of subject-matter specialists and educators to agree 
upon such principles is exceedingly difficult. It is very much 
more difficult to secure an agreement as to the application of 
the principles in the evaluation of subject matter, especially 
where a liberal interpretation would mean the relegating of 
certain content of long standing to the graveyard and the sub- 


stitution of other materials more in harmony with the prin 


ciples set up It is not the purpose of this paper to present a 
diseuss on of the { ontroversy between the conservatives and the 
liberals in relation to principles; neither will it enter into the 


arguments for the literal or implied application of the principles, 
once they are established It is worth recalling that in relation 
to the life of their times, the disciples of Christ were radicals, 
and without the theory of iunplied powers in the constitution as 
interpreted by (‘thief Justice Marshall, it is exces dingly doubtful 
whether our infant government would have passed safely through 
the diseases of childhood to emerge a full-grown man 

\ major assumption upon which this investigation rests is that 
subject matter should enable pupils to perform better those de 


lhe writer is great bted to his 1924 De exter ‘ ‘ lu Making II 
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sirable activities in which they are now engaged. In order to 
apply such a principle, we must first find out what activities 
pupils are engaging in on any grade level; second, select those 
which are desirable; third, make an activity analysis of these to 
determine what is actually being done and discover the content 
which will make for greater efficiency; and fourth, see that this 
content is taught in some course of study which may be organ- 
ized either on the subject or the activity basis. 

In the city of Denver, Colorado, where this investigation was 
carried on, it was found that reading the daily newspapers and 
weekly or monthly magazines was one of the major activities of 
junior and senior high-school pupils. The assumption was made 
that this was a desirable activity, and that it was the business of 
the school to make the pupils more efficient in performing it 
Therefore the purpose of this study was to see what scientific 
information a person needed to know in order to read intelli- 
gently the daily newspapers and a selected list of magazines 

It is very apparent that in attacking this problem, the first 
step was to discover what newspapers and magazines were read 
With the former, this was exceedingly simple as there were fou 
newspapers published in the city. These were the Rocky 
Mountain News, Denver Times, Denver Express, and Denver 
Post. With the latter, the information was obtained in three 
ways; first, asking the pupils what they read; second, examining 
magazine subscription lists to see what went into the homes of 
junior and senior high-school pupils; and third, checking the 
magazine sales of public newsstands. As a result of this survey 
the following magazines were selected for analysis 

9 Popular Mechanics 

Purely scientific Scientifie American 
Ladies’ Home Journa 
Good Housekeeping 
Saturday Evening Pos 


Home Magazine S 
Weeklies 
oon Literary Digest 


Country Gentlemar 


Farm Publicatior 1 
Farm Journal 


\ month’s issue of the newspapers including four Sunday 
editions was examined. The dates were from February 15 to 
March 15, 1924. Six numbers of each monthly magazine for 
1923 were selected. In order that the four seasons of the year 
be represented, the February, April, June, August, October and 
December numbers were analyzed. In the case of the week 


lies, the second issue for these same months was used 
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Che papers and magazines were read for articles of a scientific 
nature. Hach article was clipped, labelled with the name and 
date of publication, and then placed in a separate envelope 
marked with the title of the article and a brief summary of the 
contents. After this step was completed, the articles were re- 
read and classified according to certain branches of science. 
Those originally selected were biology, chemistry and physics 
inasmuch as these are the three most common science courses 
offered in secondary schools. It was soon found, however, that 
this classification was not broad enough and that other branches 
if science and its related material would have to be added o1 
irticles discarded. The final list included the three mentioned 
ibove plus astronomy, biography, geology, and psychology 

Inasmuch as the size of type, width of columns, and the 
spacing between words varied in the different newspapers and 


magazines, it was found necessary to reduce this to some con- 
stant measure. ‘This was done by accepting the regular column 
in the Rocky Mountain News as the standard of measurement 
and multiplying the number of row inches in all other news- 
papers and magazines by a constant factor in order to procure 
the corrected number of inches In measuring the articles for 
the number of inches, only that part which was devoted to the 
cientifie principle or its application was included, the remaining 
filler being eliminated. 


All of the clippings in each of the branches of science were 


read a third time in order they that might be classified into 


smaller subdivisions. Two main headings were selected. The 
first was called theoretical and was designed to cover items deal- 
ing entirely with the soundness or justification of theoretical 
principles. The second was designated as applied and included 
those items where theory was discussed for the purpose of ex 
plaining one or more of its practical working applications. Un- 
ler each of these general headings further subdivisions were 
made. In the tinal result theoretical physics, for example, was 
broken up into the subdivisions of heat, light, mechanics, and 
sound, while applied chemistry had the following: general in- 
terest, household processes, shop processes, alcohols, fertilizers 
netals, healt! 

Each article in each science subdivision was read a fourth 
time and the major science content noted. This process has not 
vet been completed. The fre quency of occurrence of each item 


will he secured. the result of which ought to give a list of facts 
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and principles which pupils should understand in order to in- 
terpret better the scientific aspects of their ordinary readings 
First of all there were 2,770 articles covering 32,660 inches of 
space which were clipped and read. Of these, 532, covering 3,971 
inches, were taken from the newspapers while 2,238, covering 28, 
689 inches, were taken from the magazines. In the case of the 
newspapers 60 per cent of the articles, covering 63 per cent of 
the space, were given to biology; 17 per cent of the articles or 
L5 per cent of the space to physics, and 2 per cent of the articles 
covering approximately half that amount of space to chemistry 
The remaining articles and space were divided up among astron- 


omy, biography, geology, and psychology. In the case of the 
wi +} 


magazines 16 per cent of the articles or 27 per cent of the space 
was given to biology, 73 per cent of the articles and 52 per cent 
of the space to physics, 5 per cent of both the articles and space 
to chemistry, the remaining articles and space being distributed 
among the other sciences. Furthermore in the case of both phy 

sics and chemistry less than 3 per cent of either articles or spa 

was classified under the theory of the science \ summary of 


these results In shown in Table | 


Subject Newspape! NI 
i a ae eee eS ee 
| = 2 © . be mid -— *% 
Zi ZA ad me | ed 28 od 
Astronom 7 135 | .3 5 4 26 45 2 
Biography 9 54 1.7 I 7 3167 Lo 
Biology S18 2512 60 63 64 7937 «=6(15.8 7 
Chemistry 
Theoretical! 10 78 ; ; 
Chemistry 
Applied ll 14 : | oe 825 . > 
( ieology 
Theoretical! 22 413 i 1.4 
Geolorr 7 104 | it) D 621 4 4.4 
(Applied) 
Phvsics 61 1090 8.7 ‘ 
(Theoreti 
Physics 
Applied SS Gis iz | [585 14017 7! 4s 
Psychology 25 200) ) 
Total 532 7 | ) » RANA 
\nother very signincant fact 18 that tla pDIOlogV 1S distributed 
very evenly throughout all of the magazines, whereas in the cas 


of chemistry and physics 9&8 per cent of the articles ar Space 
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came from Popular Mechanics and the Scientific American. 
Such magazines as the Saturday Evening Post and Ladies Home 
Journal contained no references to either of the above sciences 
while in the cases of Good Housekeeping, Country Gentleman, 
and Farm Journal all of the items were under household or farm 
processes. All sciences were distributed rather evenly through- 
out the newspapers. In each issue, however, the biological ma- 
terial occupied on the average four times as much space as 
physical and ten times as much as chemical. 

The general conclusions drawn from this study are as follows: 
first, biology is the most common branch of science occurring in 
the newspapers and non-scientific magazines selected for exami- 
nation: second, omitting the two technical magazines, less than 
one-fourth as much space is given to physics and chemistry com- 
bined as to biology; third, the amount of space given to the 
theoretical side of physics and chemistry even in the scientific 
magazines amounts to less than one-half of one per cent of the 
total number of inches given to these subjects while in the case 
of 2ewspapers and magazines for general reading it is almost 
negligible. 

The writer is aware of the danger involved in drawing con- 
clusions upon any subject with one set of data only. He realizes 
the possibilities for criticism in indicating changes which should 
be made in secondary school science courses as a result of this 
study. There are many more activities of junior and senior 
high schoo! pupils in addition to their reading which will have to 
be analyzed before an adequate case can be established. Further- 
more other studies of a similar nature like those of Caldwell, 
Curtis, and Powers will have to be included. However, with 
these limitations in mind, the following conclusions will be 
appropriate. 

The first and most apparent inference to be drawn from this 
study is that biology is the most important of all secondary 
school sciences from the standpoint of general educational values. 
Physics would follow next in order, with chemistry third, geology 
fourth, and astronomy fifth. This conclusion is based upon the 
principle that the greater the frequency of occurrence of anything 
in the life of an individual the greater is the necessity that he 
know something about it. For example, if levers of the first 
class occur in more than one hundred different ways in ordinary 
life, while polarized light has only three or four possible uses, it 
is evident that a knowledge of levers is more important for gen- 
eral educational purposes than polarized light 
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The second inference is that the sequence of sciences in second- 
ary schools would be biology, physics, and chemistry. In a 
four year high school the program might well be general science 
biology, physics, chemistry. In a junior-senior high school plan 
the sequence could be general science in seven and eight, biology 
in nine, physics in ten, chemistry in eleven and one-half year each 
of two other sciences in grade twelve. The evidence from this 
study is so pronounced in favor of the above sequence that there 
ean be little argument against it without further investigation 
Granting the order, a more important question is: in what year 
shall biology be placed and shall it be required of all pupils 
The writer is firm in the belief that a subject which makes as 
many contacts with life as biology should be required of every 
one and should be placed in that year in which it can reach th 
largest number of pupils. This would locate it in the ninth 
school year because of the elimination at the end of the first year 


of high school or the upper year of the junior high i here 1s not 


evidence enough of general use value to warrant the requirement 
of physics or chemistry. Whether they should be placed in the 
tenth and eleventh or eleventh and twelfth grades would depend 


upon other factors 


rhird, the importance of biology, physics, and chemistry for 


general educational purposes does not correlate with the place 
assigned to them by the colleges as indicated throug! ollege 
entrance requirements. While biology is gaining slowly in its 
acceptance by college s as meeting the science admission } quire 


ments, still the major sciences in this respect are physics and 


chemistry. Some colleges specify these two, others indicate one 


bil a6 } 


ry? } 


laboratory science wi ich 1s interpreted to mean either OMVSICS OF 


chemistry, while the second unit may be a non-laboratory 
in which case biology or general science can be offered. Further 
more in cases where only one science unit is requll d it is ad 
vised that a laboratory science be taken and physics or chemistry 
is usually recommended. It is very evident that such demands 
and such recommendations do not harmonize with the notior 
that the most importa! t of the secondary school sciences are the 
ones which enable boys and girls to perform better those desir 
able activities in which they are engaged. If this were the cass 
we should find our colleges prescribing biology as the one r 

quired unit with the option of physics or chemistry as ar 


additional unit in case two are needed. 
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Fourth, this study indicates the topics which are of major 
importance in secondary school science courses. For biology 
they are public health, knowledge of animal and plant life, foods, 
natural resources and evolution.* In physics the content would 
group itself around shop, farm, and household processes, auto- 
mobiles, radio, aeronautics, structure of buildings, electrical 
power, photography, ship construction, tunnels, cement con- 
struction, bridges, electric signalling devices, highway construc- 
tion, steam engines, motion pictures, player pianos, reclamation 
and drainage, railroad construction, steam turbines, storage 
batteries, X-rays, testing strength of materials, water supplies, 
and numerous other items of less than a two hundred frequency. 
For chemistry the major divisions would be shop, farm, and 
household processes, fertilizers, use of chemistry in promoting 
health, chemical uses of common metals, the production and use 
of alcohol including ‘“‘home brews.”’ The reader can draw his 
own conclusions as to how far the content of present courses of 
study agrees. 

Fifth, the type of content suggested above would mean a new 
method in science teaching in secondary school. Instead of using 
the laboratory experiments which were developed by the discov- 
erers of various principles and processes, for the purpose of 
justifying certain laws we should have in our physics laboratories 
appropriate units which would illustrate the workings of the 
machines mentioned above. These would be utilized as prac- 
tical projects around which class problems would be centered. 
Scientific principles and information would be discussed in order 
to explain and interpret the construction, operation, and main- 
tenance of these particular articles. What is true in physics 
would also hold for chemistry and biology. Our science labora- 
tories would then be work shops, where pupils would start with 
materials within their interests and experience, where they would 
secure new visions of the utilization of the scientific principles 
involved, where they would obtain an intelligent appreciation of 
the value of science in the progress of civilization and become 
good consumers of the products developed through the scientific 
information of a few experts. 

In a recent study,’ Earl R. Glenn of the Lincoln School, 

'These coincide with those given by Findley and Caldwell! in Biology in the Pubsic Press, 


New York, 1923 


*The summary as here given was presented by Dr. Otis W. Caldwell before a group of science 
teachers in Denver, Colorado, on February 13, 1924 
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Teachers College, shows that in the 67 largest cities of the country 
the percentage of secondary school pupils taking physics ranged 
from one-half of one per cent in Pittsburgh, Pennsylvania, to 17 


per cent in Portland, Oregon. The average was approximately 
8S percent. Ten years ago the average for these same cities was 
l4 per cent. It is possible that one of the factors contributing 


to such a condition is the type of physics courses now offered. 
With a reorganization along the lines suggested here where closer 
contact is made between the subject matter taught and the life 
experiences of pupils it would seem that many more boys and 
girls would be attracted to this subject 

The writer wishes again to make the point explicit that the 
conclusions drawn here are based so!ely upon the study which 
he is reporting. Other investigations will have to be made before 
final answers can be given to some of the questions raised 
Meantime we will have to ask ourselves whether we will continue 
to hew to the old line or whether we will rearrange our science 
sequence and be content to harmonize with the results of modern 


researc! 


A NOTE TO TRIGONOMETRY TEACHERS 
By MABEL SYKEs. 
Bowen Hiah School. Chicago. Ill 


In the October number of School Seience Norman Anning describes a 
‘Device for Teachers of Trigonometry.’’ He opens this deseription with 
the remark that, “it is a common experience to find pupils who have 
diffieulty in going over from the functions of an acute angle to the fune- 
tions of a general angle.” 

The writer has done away with this difficulty by i. change in the defini- 
tions themselves. When trigonometry was taught by the usual method 
this trouble was always encountered. One year one member of the class 
remarked “Why did you not t ich us a definition that d not have to 
be unlearned?” Since then the definitions based on 
Coordinates have been given at the outset; for example 


l ! 
( 
{ 
tl 


i€ Cartesian 


ordinate abscissa 
Sin X cos X 
distances distance 
ind s0 on Here are definitions that will apply to an angle n any 
quadrant. Moreover if the facts that the ordinate must be read from 


the x axis and the abscissa and distance from the origin are included 
in these definitions and if the usual convention regarding signs 
of directed lines is given at the same time, a large amount of theoretical 
trigonometry is possible at the very beginning of the course 

These definitions are given in some text books While many of these 
books may be considered too hard for high sehool pupils, the method here 


suggested is not too hard for them No trouble arises when in a few 
weeks the solution of right triangles is introduced: the cireular figure in 
whieh the lengths of certain lines re present the values of the various 
funetions under certain circumstances, is no longer necessary; the pupil 
has at his command a set of definitions that do not have to be i 


learned.’ 
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SOME COMMENTS ON PHYSICS TEACHING 
By Herbert BROWNELL 
Teachers College, University of Nebraska, Lincoln, Neb. 

At the outset it may be well to state that it is proposed to 
make use of physics as type for all high school sciences, and to 
suit all comments to the sciences of secondary schools in general. 
However much college professors may magnify each his own 
particular field of science, in matters of teacher certification 
and in the minds of ‘‘educators’’ when discussing problems per- 
taining to secondary education, ‘“‘science’”’ is a composite. Its 
various subjects when taken together count as an educational 
unit. In some measure this explains the difficulty in satisfac- 
torily framing a “‘science major,’ or a double major, for those 
planning to teach high school sciences. 

AS a background for these various comments on physics 
teaching, let it be kept in mind that it has been taken for granted 
that in very large degree there has been no such thing as “‘group 
consciousness’ on the part of science teachers, and of others 
interested in the educational values of science taught in high 
schools. Lack of unity of interests on the part of college and 
high school science teachers has entered as a factor to bring to 
pass situations suggested rather than set forth in the comments 
which follow. Conditions culminating in the present-day state of 
affairs for high school science possibly may have been beyond the 
control of promoters of science instruction. Certainly there has 
been lack of adaptation of science teaching to changing conditions 
in high school instruction. Some of the changes which have 
occurred are set forth in the following data* for schools of the 
United States 

Is60° 1890 1900 L910 1920 

Number of high schools 300 2,500 6,000 10,000 14,000 
For the period from 1890 to 1920 the increase in number of high 
schools in this country averaged more than one additional hiah 
school for every calendar day for this period of thirty years 

From these same sources of information it is learned that 
64 percent of the high school pupils of the country are in schools 
enrolling 75 pupils or less each, and but 5 percent of them are in 
schools enrolling 500 pupils or more. By a later compilation 
the enrollment of high schoo] pupils of the country in towns of 
2,500 population or less constitutes about 80 percent of all of 


Given before the Nebraska Academy of Sciences, May § 
Bulletin 19 (1920 Bureau of Educatio Washingt ) 
Cubberley, Histor f Education, p. 701 
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such pupils. Certainly one of the ‘“‘problems’’ of secondary 
education is the problem of the small high school 

The growth in high school attendance during the forty years 
past has been one of the marvels of educational history, and one 
impossible of full comprehension by those who have been con- 
eerned with minor aspects of its development rather than the 
movement as a whole. ‘To provide buildings and equipment to 
care for the throngs who crowded into high schools the various 
communities as ‘‘local units” taxed themselves to the limit. and 
placed burdens of taxation upon generations unborn. Admin- 
istrative officials were driven frantic to suitably care for these 
high school boys and girls. Curricula were framed to meet the 
widest range of desires in different fields of learning, and wer 
made flexible by all sorts of electives and substit utions ot courses 
{n outstanding ‘“‘net result’’ of such changes has been a decling 
in the relative importance of phvsies as a high school subject as 
noted in the following data 

IS9O0 1900 1910 1922 
Per cent of total enrollment taking Physics 22.2 19.0 14.5 8.93 
Similar decline in relative importance, though not necessarily in 
numbers of students being taught, may be noted in other sciences 
as well. ‘The fact that during this time classrooms and labora- 
tories of the college sciences have been congested to the limit has 
in no small measure been due to the ‘‘group requirements’’ of 
college curricula rather than desires of students for the knowl 
edge and training supposedly characteristic of science studies 
Credits for graduation rather than attainment of any ‘‘scientific 
attitude of mind’’ have apparently been impelling motives all 
too commonly. 

The mounting costs of high schools as of public school educa- 
tion in general led to the use of a ‘“‘cost-accounting”’ system 
whereby to set forth the cost-per-pupil-instructed, and the 
relative outlays for all subjects taught in high schools. In 
this the science subjects made poor showing for reasons wholly) 
obvious. Original outlays for rooms, furnishings, supplies and 
apparatus; upkeep and depreciation; small sections, especially 
the laboratory sections; and the relatively large teacher-time-pet 
pupil all have combined to make science instruction costly. And 
the excellent showings made by subjects in which large classes 
might be given instruction by a book-and-lecture system, and 
where the instructors could meet daily five and six of these large 


‘Rulleti 7 102 Bours ka ; “WV 
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classes, have operated to the discreditment of science subjects as 
requirements for graduation despite all the educational values of 
science so freely admitted 

Complaint has always been made by science teachers, both in 
season and out,of their especially heavy labors, and of a need to 
lighten teaching ‘‘loads”’ occasioned by heavy demands upon time 
and strength to provide suitable laboratory work. This has 
been the case especially in the smaller high schools with thei 
inadequate equipment. Irom this and other causes has come a 


dismemberment of “science” in high schools to an extent of 
which possibly not all who are interested in the advancement of 
science are aware. In a distribution of “‘teaching-loads”’ the 


botany, let us say, goes to the teacher of French who has a 
vacant period and who in college took a 5-hour course in botany 
as a “group requirement’’. Her major interest is the language; 
the science is merely incidental to teaching conditions. The 
class in physics goes very commonly to the coach in athletics. 
He may have had some courses in college physics and mathe- 
matics, but it was wholly irrespective of any special interest in 
teaching them, or of making preparation for their teaching. His 
success as a member of the high school faculty, his tenure of 
position, and his promotions all depend on the success he has in 
and through his ‘“‘teams’’. The science instruction is but a 
minor interest. The general science goes to any one whose 
teaching load and schedule of classes makes it desirable from the 
administrative standpoint regardless of lack of fitness, and of 
any protests by the teacher to whom the subject is given. In 
such ways as these in due time the dismemberment of science as 
a major unit of high school instruction becomes an accomplished 
fact in the smaller high schools. 

To protests made to a superintendent of schools concerning 
this condition comes as justification for it, in addition to what 
has been set forth above, the further claim that nowhere are 
adequately prepared all-around science teachers to be had. As 
college graduates their preparation in science is confined very 
largely to one field only in which they have specialized. Other 
than in this field they are but little better prepared as high school 
science teachers than those whose majors have not been in 
science. It is to this condition, I suppose, that the Dean of 
a Teachers College refers when he says that science in the schools 
is “‘decadent.’’ And this in spite of the marvelous advances in 
every relationship of life in both theoretical and applied science! 
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Once it Was a conimon practice to prescribe &S panacea [or all 
the ills of science instruction in high schools ‘ better prepared 
teachers.’’ In some institutions for teacher-training, science de- 


partments were maintained and students urged to take at least 


a majo or minor in “science not some single science But 
vith conditions such as discussed above why make any prep 
tration at all to be a high school science teacher? For large eit) 
high schools with then separate science departments doling a 


college type Of science instruction, the arts colle ve graduate who 


has specialize d in a particulai science, and Who Nay or Mav not 


have had courses in “Education,’’ continues it would seem a 
more or less satisfactory ¢ indidate as a science teache! But 


not even this source of s ipply for science teachers meets ind 
solves the prot lem ior smati hig! schools 


And Strange as It May seem i notable vrowing tendency in 


SOLE teacher-training institutions is to gnore the situatiol 
iffecting science teaching the smatier ivi SCHOOLS Che 
requirements Of courses In education, together with those fo) 
feachers Certificates issued both by Teachers Colleges L by 


State Departm nts of Education are not that a teacher-can ll- 


date be or shall become fitted to teach ‘‘science’”’ in anv case 
but instead that he be fitted to teach high school subject history 
mathematics athletics iIanguage commercial branches, ete 
etc For all these varied fields the requirements in education 
courses are the san courses 1n History of education, prin iples 
of teaching, and a methods’ course so general as to be suite 
equally well for a nigh schoo ranches hese togeth vitl 
courses in school administration, educational psvcholog ind 
educational measurements make up a required fifteen hours of 
education Chere is re julread COMIMONI Lor i two-hour course 
n ‘special methods In some one sclence subject evtore entering 
ipon a course in practice teachings Su . 1 
sic or teacher-preparat ntor high sehnool science teach v 

It may no iongel ( iestion ot whether or not one Who 
KnOWS subject-matte Is Ul eby well-ntted tor teaching 
stead, it seems rather a lestion whether in teache r-preparatiol 


and in teacher-certification the preparation required shall be of 
a blanket type to fit the whole high school field, or be restricted 
to such special fields as the social sciences, the natural sciences 
modern languages, etc.,even as now is true of Agriculture, Home 
Economics, Manual Training, Music, ete. Till a special certifi- 


‘ation for “‘sclenc 2 in force instances multiply sucl 











PHYSICS TEACHING 805 


the young woman graduating from the University here this year 
who having a major in history is assured of a position in one of 
the supposedly better high schools of the state to teach two classes 
of physics in connection with her work in history. By reason of 
having had no physics herself it is her announced plan since she 
disliked all laboratory work to so arrange her physics as to leave 
out the laboratory exercises. And when asked what she could 
do when in her physics classes some of the pupils might ask to 
be enlightened concerning radio and other matters of electricity, 
she was equally confident that electricity, too, might be left out 
of the cours \ teachers certificate whether from a Teachers 
College or a State Department of Education licensing a candidate 
to teach in high schools permits what might be barred in large 
measure. at least bv certification to teach “‘science,”’ or some 
other distinct line of instruction. Such aspects of secondary 
school science instruction both discourage and distress those 
who are advocates of science instruction for educational ends 
as well as for enlightenment in scientific knowledge 
LUTHOR’S NOTE.—Since the above was prepared the author 
has had access to a Thesis presented by Miss Agnes Undeland 
June, 1925) as partial fulfillment of requirements for a Master’s 
Degree in the Department of Education, Graduate College, 
University of Nebraska, and now on file in Library of The 


University Its title “Relation Between Subjects Taught And 
eacher Prey ition For The Schools Of Nebraska’”’ Is a key to 
its content. It is based upon Reports from some four hundred 


102) public high schools including all Nebraska high schools 
helonging to the North Central Association (part from an 
illuminating array of facts having to do with the whole field of 
high school instruction, and from the writer’s conclusions based 
thereon, there is noted here certain features only which pertain 
to the status of high school science The thesis as a whole will 


be found a contribution of value in the field of secondary educa- 


hion 
Numbe Repo da thered --- 402. 
(;rouping ese schools [) Fewer than 5 teachers II) 5-10 
teache [IIl) 10-20 teachers; IV) 20 or more teachers 
Subjects rouped as ‘“‘Seience Biology, Chemistry, General 
scienc Physies Ph siography Phy siology and Hygiene ’ 
Zoo! on 
t. A ‘“‘major’’ equals 20 or more college hours; a ‘“‘minor’’, 12-20 hours; 
and 8-12 hour sub-minor.’ 
>. Less than 8 hours academic preparation in a subject is not accounted 
teacher preparation Preparation in any science subject 


(jener Smencer 
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6 More than 70% of Nebraska high school teachers are in the smaller 
high schools, and tenure of position in these schools is less than 
in the larger high schools. 

‘. For the 402 high schools, physics was taught in 285; general science 


in 255; agrieulture in 151; chemistry in 85. 


Tasie I 
Vumbe of T achers Who Teach 


Group: One thhec?® Two subjects Three subject Four subject 
I l-o teuchers 19 294 IRD 87 

11 (5-10 teachers 192 135 185 32 

LI] (10-20 teachers 175 90 22 

[V (20 and more 31 54 5 


Teachers who teach tive subjects: Group I. y: Group II. } Groups 
ITI-IV, none; 30% of all the teachers are in Groups ITI-IV 


No. of subjects Laughi fire Two lhree Fou F ive 
In Group I (694 teachers L6 227 290 135 26 
In Group I] S45 teachers 15] 86 251 iS 9 
In Group III (287 teachers) 132 109 1] 1 | 
In Group IV (372 teache IRT 69 15 | 


Seventy-five per cent taught two or more subjects; 33 per 
cent taught three or more 

The range in number of subjects per science teacher, especially 
in Groups I-II, involves more than is apparent by reason of the 
fact that data considered here are compiled for one and the 
same semester only. As matter of fact a science subject taught 
in the first semester is often followed in the second semester by 
a different and perhaps whollv unrelated science taught bv the 


same teacher 


fanpie II] 
Hou J At like P epa at ” ; s ibject / rugh 
20 hrs. and 8 hrs 
Groups more 12-20 hi S-12 hrs ind les Total 
459 trs 108 trs 243 trs 587 trs 1697 teachers 
It 586 389 225‘ 576 1776 
IT] 227 78 34 131 170 
I\ "260 = a 22 Re 127 


1370 
Nearly one-third of these teachers (1380+4370=31 per cent 
have had no sufficient academic training for the subjects taught 
by them 


Science is here sidered a4 ne ibject All the sciences are taken together eve 
history, mathematics, etc., are taken each as a unit “‘subject.”’ 


‘Each separate science subject here ints as a unit 
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INFORMATION EXERCISES IN BICLOGY'! 
By J. L. CooprmeEr 


Central High School, Evansville, Ind. 


SOME DIFFICULTIES IN MAKING EDUCATIONAL TESTS IN BIOL- 
oay. The maker of an educational test in general biology for 
high schools is confronted from all angles with the lack of stand- 
ardization. The subject matter of the texts in the subject is 
not standard. No two authors of texts seemed to have the 
same goal in mind when they wrote their texts. Some seem to 
be more or less ‘‘one sided”’ and place emphasis more upon the 
botany or biology or the zoology of biology or the human biology 
rather than upon general biology. Others seem to intercorrelate 
these phases of biological materials for the purpose of arousing 
interest in biological nature-study or to interpret the biological 
phenomena about the boy and girl in its relation to human 
welfare. 

Again, the methods of presentation are not standardized. 
Some prefer the individual method to the demonstration method 
and vice versa. The plant and animal materials used by different 
schools is similar but not uniform. There are as many different 
kinds of laboratory equipment as there are different schools. 
Courses of study, if such are in acutal usage, vary with the 
supposed ‘‘needs and desires” of local schools. 

THE DEVELOPMENT OF THESE Exercises. All of the difh- 
culties are not listed above but those that are listed will serve as 
an introduction. In 1920 the author began a survey of the 
vocabularies of the text-books then published in high school 
biology. As a result of this survey, a preliminary test form was 
constructed and given during a period of two years following to 
about 350 students in general biology in high school. When this 
trial test was first given it contained 300 questions. After each 
administration some of these 300 questions were revised, some 
were canceled and some were added. Questions missed by all 
students were considered too difficult and those missed by no 
student were considered too easy and both were dropped. Am- 
biguous questions were discovered and reshaped. 

In 1922 a second survey of the vocabularies of text-books was 
made. This survey was added to that made earlier, making a 
total of nine texts? that were surveyed. After this analysis the 
Exercises were again revised. An attempt was made to exclude 
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as far as possible all biological terms that were not found in all 
of the nine texts surveyed, also to exclude all parts of the Exer- 
cises that were otherwise less valid. After this revision the 
Exercises were reduced to 100 fairly well selected questions. 
These were divided into six Exercises of about the same number 
of points each. When these Exercises are administered the 
student is confronted with a vocabulary of 226 different biolog- 
ical terms In this whole test 
141 of these 226 terms are used one time OnLS 
16 of these 226 terms are used twice, 
26 of these 226 terms are used three times 
5 of these 226 terms are used four times, 
? of these 226 terms are used five times 
3 of these 226 terms are used six times, 
f these 226 terms are used seven times 
of these 226 terms are used eight times, and 
| of these 226 terms are used nine times 
(f this vocabulary of 226 different biological terms 
83° is found in 9 of the text-books analyzed 
SO‘ is found in 8 of the text-books analyzed 
QO, is found in 7 ot the text-books analyzed 
93°7 is found in 6 of the text-books analyzed 
46%, 18 found in 5 of the text-books analyzed 
100°; is found in 4 of the text-books analyzed 
\fter the final revisio1 f the Exercises. another analysis 


showed that 


38° of all the questions pertained to aniunal biology 
27% of all the questions pertained to plant biology 
18° of all the questions belong to the field of human biology 


»7 ( 


7" of all the questions are Ol general biological nature 
This is in harmony with the findings of Downing’; Finley‘; and 
Vau5>: who found that the above are in the order of the interests 
of children in biological materials More desirable criteria than 


( 19081: Bigel 


Sail ( I t ( J t \1 milla i r w alr 
Bigelow, Ay | Biology, [Macr i ( 1911]. Hunter, George William, Essentials 
f Biolog \ an Book ¢ 19 Huster, George Williatr A Civic Biology, [Americar 
Book C 1914 Peabody and Hunt, Elementary Bioiogy, [Macmillan and Co., 1914 
Smallwood, Reve and Bailey, B ry for High Schools, {Allyn and Bacon, 1920]. Gruen 
berg, Benjamin ¢ Elementary Biolog Ginn and Co., 1919]. Moon, Turman J., Biology 
for Beginners, [H. Holt and ¢ 192 Atwood, Wm. A., A Civic and Economic Biology 
P. Blakiston’s Son and C« 1922 
‘Downing, | t R., Children's Interests in Nature Material, Nature Study Review, 8:334- 


338, 1912 
‘Finley, Charles W., Some Experiments in the Teaching of Elementary Science. ScHOOL 
ScIENCE AND MaruH., 21:1-24, 1921 
Mau, Leura Emil Some Experiments with Regard to Relative Interests in Physica! 
ind Biologteal Nature Materi the Kindergarten and the Primary Grades. Nature Studs 


Review, 8:285-20 
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those presented are desirable in the future for the validation of 
test materials. 

TITLES FOR THE Exercises. By constructing six separate 
Exercises the author had in mind the breaking up of the monot- 
ony of “wading through’ a list of 100 questions of about the 
same nature. The essential purpose of each Exercise is to test 
biological information as is suggested in the title of the test 
rather than to measure those skills, students may possess neces- 
sary to study biology or may develop as a result of that study. 
Each Exercise of the test is a type of educational measurement 
rather than a test of a certain mental process which is supposed 
to be involved in the study of biology. Tests of this later type, 
which measure those habits necessary to successfully study 
biology or habits gained by studying the subject surely must 
be developed. But this would be an extremely difficult task 
since such habits and skills peculiar to biology have not been 
determined scientifically. 

Exercise 4 of the test was designated as a Best Reason test, but 
there is no reason why Exercise 3 [Information|, or Exercise 6 
(Classification|, or Exercise 6 |Logical Selection| could not also 
have been designated as “reason”’ tests. In each of the Exer- 
cises mentioned the student has to think |reason]| in terms of his 
biological information, hence these Exercises become tests of 
information rather than tests of the ‘‘reason”’ ability of the 
student. 

The information involved in some questions demand a know]l- 
edge of general biological laws, principles, concepts, fundamental 
processes, or definitions. Some questions demand a knowledge 
of functions, structure, and classifications of organisms. Prob- 
lems are presented relating to health, environment, inter- 
relation of organisms, evolution, life history, and habitats. 


ARRANGEMENT OF MATERIAL. There being no time limit, 
neither the questions in the Exercise nor the Exercises themselves 
were arranged in order of difficulty. The author believes that 


scaling a test would be of value when there is a time limit and 
that a time limit would place an unnecessary handicap on the 
students. In an information test of any kind it seems to the 
author that a student should have all the time he needs to 
attempt all the questions, since such tests should determine the 
power of the student rather than his speed. For these reasons 
the time factor was omitted, and neither the questions, nor the 


Exercises were scaled 
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ADMINISTRATION OF THE EXERCISES. In the construction of the 
Exercises special attention was given to simplicity and conveni- 
ence of administration. The examiner need not be an expert in 
giving tests. It is possible for anyone to master the directions 
for giving the Exercises in a few minutes since these are few and 
simple. Directions to pupils for each Exercise are short and 
easily understood by the pupil and they are not read or dis- 
cussed by the examiner, thus reducing the personal equation to 
the minimum. 

The form and length of the Exercises usually appeal to the 
students as being a piece of work that they can do well and not 
another “brain teaser’ or ‘‘another ordeal to go through.” No 
communication is permitted either before, during or after the 
administration of the Exercises. When a test is announced 
certain questions naturally arise, such as—-When do we begin? 
How much time do we have? Shall we use pencils? ete Such 
questions should be answered and the answer of the examine: 
should be of such a nature that it will demand attention and 
obedience. Some questions are taken care of if the examine 
announces that beginning and mid-vear students are not expected 
to answer all of the questions but that they are expected to 
answer ail that they can 

The length of the Exercises makes it possible to administer the 
test in a regular 40 minute period. The slowest pupils seldom 
require more than 40 minutes and most students are done in 25 
to 30 minutes. Students who use more than 40 minutes or less 
than 15 minutes need special investigation, and, in a large 
number of cases they will be found to be wasting their time 

SCORING In three Exercises of the test, students are asked 
to draw a line through one word which indicates the correct 
answer. This makes it possible for a stencil to be used in scoring 
This stencil may be cut from one of the test forms by the use of 
a sharp knife or razor blade so as to leave holes at the places which 
will show the correct answers. When the stencil thus cut is 
placed over a paper the correct answer can be seen at a glance 
and the correct score recorded very quickly. In two Exercises 
the questions are so arranged that the correct answers have a key 
which is easily learned. For example, in Exercise 4, which is a 
‘Best Reason’”’ test, there are four possible ways of answering the 
question, each answer being numbered 1, 2, 3, and 4. The 
correct answer to the first question is number 2, for the second 
question it is 4, for the third question it is 1, and for the fourt! 
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question it is 8. So the key for this Exercise goes like this—2, 
4, 1, 3, 2, 4, 1, 3, 2. 

In all of the Exercises, except Exercise 4, the score is the 
number correct. In Exercise 4 the score is twice the number 
correct. One Exercise is of the true-false type, but the score 
for the Exercise is the number right and not the number right 
minus the number wrong. The author believes the R-W method 
of scoring is of poor diagnostic value and that it is about dis- 
credited, especially in tests in which the possibility of getting a 
high score by guessing is no greater than in tests of other kinds. 
A student may know 50% of his subject matter and makea 
negative score. The author has in mind a large number of 
students, who at the beginning of the year in biology got but 
two of the sixteen questions correct, and, who at the end of the 
mid-year got seven or eight questions correct, but in both cases 
the score would be zero under the R-W method of scoring If 
a student misses almost all of such questions at the beginning of 
his course, and then can answer half of them at the mid-year 
point, it seems to the author that he has added to his knowl- 
edge of the subject. and that he should be given credit for the 
number he gets right 

The Exercises have been given to October, 1925, in then 
present form to 1026 high school students in biology, and the 
norms for these are given below. These averages should be 
considered as tentative standards, although additional scores do 
not seem to alter the present standards. The mean score made 
by students who have not had biology before is 29; for those 
students who have had biology one-half year the mean is 46; 
and, for those students who have had biology one vear the mean 
score 1s 58 

There were 160 of these students who had the Exercises 
administered to them a second time in two consecutive days. 
The coefficient of reliability according to Brown’s formula® is .92. 
which seems to be exceptionally high. The correlation of the 
scores of these same 160 students with their teachers’ estimates 
is .70, which again is fairly high 

The validity, reliability and correlation outweigh the value of 
standards as to usefulness. The writer is more or less pessi- 
mistic as to the value of norms secured from large number of 
schools. There is a marked difference in scores secured from 


*Brown, Wm., The Essentials of Mental Measurement. Cambridge | ersity 
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different states, cities, and even schools in the same city. Secur- 
ing norms from large numbers should not be discouraged but 
these seem to be of little value when applied to a single group, 
save for the purpose of comparison and this is of little value. 
It seems to be far more important to obtain a relatively fair 
ranking of the students of one school than it is to make com- 
parisons between students of one school with other schools in 
different localities 

VALUE OF THE EXERCISES Che Exercises have been found 
to be very helpful in furnishing 

|. A quick means of securing a reliable and objective mark 
or score to supplement the judgment of the teacher in making 
promotions. The user of any test should not be blinded by the 
test itself however perfected, and base marks wholly upon one 
test. There are other objectives in biology that we must not 
lose sight of, namely, spirit of investigation, appreciation of 
nature, scientific habits, increased love for home, friends, and 


state, respect for laws both of state and nature, etc 


2 A quick way of arriving at the probable biological infor- 
mation of classes at the beginning of the yvearandat the midyear 
This information could be used as an aid in a more scientific 
classification of pupils. However, this test should not be used 
alone as a basis of classification. The result of any one educa- 
tional or mental test or pertormance is not sufficient evidence to 
secure the class rank, but rather more than one measure to- 
gether with teachers’ judgments should be used 

3. <A good check on the progress made during the course. 
The progress made by students should aid in the determination of 
promotions, failures, and classifications as much as the extent of 
the biological information of the student. A student may have 
a large range of biological information at the beginning of the 
year, and his progress may be marked or not noticeable \ 
poor student may have a small range of information at the end 
of the course and a smaller range at the beginning. The score 
of this poor student at the end of the course may be less than 
that of a stronger student at the beginning of the course 
But the progress of this poor student may exceed that of the 
better student by several points. The writer often makes a 
frequency table of the progress of students as shown on the 
Exercises and uses this along with other frequency tables and 


other data in determining the suceess of his students 
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This account is not offered as an excuse for the Exercises as 
published, nor for the tentative nature of the norms. The 
author is desirous for several good tests in biology and makes 
this feeble attempt to add one to the very small list of such tests. 
It is hoped that these Exercises will be outclassed by later forms 
of tests that will better meet the needs of high school biological 
instruction. In order to help establish norms, of whatever value 
they may be, the author would appreciate the cooperation of 
users of these Exercises in reporting the scores on the blanks 


provided for that purpose 


“AN INVESTIGATION IN THE TEACHING OF THE SKILLS 
OF NINTH GRADE ALGEBRA”’ 


By RALEIGH SCHORLING AND SELMA A. LINDELL 
('niversity of Michigan, Ann Arbor, Mich 


Purpose. The purpose of this study is to measure the effect of 
applying certain principles from the psychology of drill. In 
recent years considerable gain has been achieved from our 
knowledge of habit formation. It is now possible to formulate 
over twenty principles that are generally accepted in psychology 
but which are not applied in our school texts in algebra. 

These principles may be illustrated by the following: (1) 
[here should be much practice on a few skills rather than a little 


practice on each of many things. (2) A drill exercise must be 
specific. (3) Drill, to be effective, must be individual. (4) 


Drill must provide a scoring techinque so that the pupil may 
know the degree to which he succeeds. (5) Drill should make 
possible the diagnosis of individual difficulties. 6) Practice 
should be distributed in decreasing amounts at increasing in- 
tervals 7) A drill exercise should be standardized so that the 
pupil may have at least a rough notion of his degree of skill. 
8) A drill exercise should be relatively short. Probably an 
approximate time for concentrated work in the ninth grade is 
between eight and ten minutes. (9) A drill exercise should 
set up a high standard of accuracy. The scheme for drill 
should make it possible for the pupil to take the same exercise 
again and again until he has achieved an accuracy that allows 
only the occasional slip. 

The foregoing is probably a list sufficient to illustrate the very 
definite guiding principles for habit formation that the investi- 
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gators have in mind. How effective are these principles in con- 
trast with the usual “hit or miss’”’ plan? 
EXPERIMENTAL MATERIAI 

The experimentors, with the help of Dr. John R. Clark, have 
constructed a booklet of teaching materials which aims to apply 
consistently and throughout these well recognized principles of 
drill. This booklet is entitled ‘Instructional Tests in Algebra’. 
It consists of fifty-two goals and is adjusted for pupils of varying 
abilities. 

GENERAL PLAN oF THIS EXPERIMENT. 

| \ teacher taking part in this experiment will teach two 
or more algebra classes. During the first month all classes will 
be taught in the usual way the material in some standard algebra 
text already in use in the particular school system concerned. 

(2) Beginning with the fifth week the Experimental classes 
will take ten minutes each day at the beginning of the hour to 
use the experimental booklet described above. The rest of the 
recitation period will be spent on convential materials drawn 
from the regularly used text books. 

3) It is important to note that each teacher taking part in 
this experiment will have at least one Control group, that is, she 
will teach one class without modifying in any way the course that 
is regularly given in that city. 

(4) An algebra test will need to be given to all groups at the 
beginning of the year. Considering the fact that all pupils will 
be beginning algebra it might seem that this step is unnecessary. 
There are at least two reasons why a test is essential. In the 
first place there will be repeaters. In making the final report 
at the end of the school year all papers of pupils repeating 
algebra either in the Experimental class of the Control class 
should be rejected. In the second place, many cities are now 
studying general mathematics in grades 7 and 8. In these 
courses pupils learn some algebra, and it is conceivable that 
bright students might bring considerable skill in certain aspects 
of algebra to the 9th year course. 

(5) Comprehensive tests will be given at the end of the school 
year to both the Experimental and Control classes. This test 
will consist of parts drawn from the various standardized tests 
in algebra. 

How MarTeriats May Be OBTAINED 


The test for the heginning of the experiment consists ot 
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two parts: the Addition and Subtraction Test and the Equation 
and Formula Test by Hotz. These tests may be secured from 
Dr. C. Woody, Ann Arbor, Mich. 

(2) The Experimental Booklet can be obtained by writing to 
George Wahr, Publisher, Ann Arbor, Mich. The 72 page booklet 
is furnished at a cost of 30 cents per pupil. 

3) At the end of the year a cooperating school may admin- 
ister to both groups the complete form of any one of the follow- 
ing tests: 1. The Hotz First Year Algebra Scales, (Teachers 
College Bureau of Publications, New York City). 2. Diganostic 
Tests for First Year Algebra by Professor Harl Roy Douglass. 
For the test write Professor Douglass, University of Oregon, 
Eugene, Ore.) 3. The Thorndike Algebra Tests To Quadraties 
Form A. (For the test write the Insitute of Educational Re- 
search, Teachers College, New York City. 

In some schools it may be difficult to administer a formal test 
such as is mentioned in the preceeding paragraph. For such 
schools a special final test will be supplied. 

This final test is to be specially constructed for measuring the 
outcome of one year of algebra in the two groups concerned. 

The test will be furnished on May 15th without cost by the 
investigators upon special request of a cooperating teacher. For 
this test write the experimentors direct 


(‘ONDITIONS OF THis EXPERIMEN’ 


This investigation will be conducted intensively in a limited 
number of schools in which it is arranged: 

1) To give the tests at the beginning of the experiment to 
both groups 

2) To administer the Experimental Sooklet according to 
directions provided in the booklet. 

3) To administer a comprehensive test at the end of the 
school year to both groups 

1) To write to the investigators before May 15, 1926, for the 
blank form on which the results of the experiment will be re- 
ported to the experimentors. 

Those who are especially interested in this experiment should 
notify the investigators and make certain that they have the 
Experimental Booklet at the beginning of the fifth week of 
school this fall 
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THE HARBOR MODELVERNIER 
By L. A. SPRAGUE 
When students are learning to read the vernier, we have 
found the following simple device helpful in getting them to 
understand that the vernier only shows but does show how 
many tenths of the last unit are included in the quantity mea- 
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We have made a large model vernier about eight feet long 
The units on the lower scale are 2'% inches long. The units 
on the vernier are 2'4 inches long. These are all heavy black 
lines. Two or three units on the lower scale are divided into 
tenths, that is 4 inch These are in bright red. This model 
vernier is used for drill purposes in class. When it is set at 
one of the units which have been subdivided on the lower scale 
the student can check his vernier reading with a direct reading 
on the lower scale. He need not become dependent upon the 
red lines because most of the drill can be on other units than 


those subdivided 


STAMPS CONVEY KNOWLEDGE OF HISTORIC OCCASIONS. 


‘Postage stamps are an effective means of stimulating loyalty and 
patriotism. Everybody who posts or receives a communication through 
the United States mail receives, nolens volens, a transitory lesson in the 
history of the Nation,” says Harry S. New, Postmaster General, in an 
irticle in School Life, a publication of the Interior Department, Bureau 
of Education 

“In general the designs ipon the regular issues have ineluded the repre- 


sentation of the head of one of the Presidents, but in the past 5O vears 


the custom has grown of commemorating important historical events by 


special issues,’’ states the Postmaster General. ‘‘The novel appearance 
of the new stamps immediately arrests the attention of the user, and 
inquiry into its meaning naturally follows. The result is a valuable lesson 
in history which few escape, even those of limited education 

“Thirteen special series of adhesive stamps have been employed to 
impress historical occasions upoh the popular mind,’’ Postmaster General 
New continues. ‘‘They have carried to thousands their first knowledge 
of some of the events which were thus celebrated, and they have led 
millions of our people to a wider and more intelligent understanding of 
the circumstances that have eontributed to our national existence.” 


-Seienece Service 
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A GENERAL SCIENCE TEST. 
By Hersert A. Toops, 
Ohio State University, Columbus. 

The writer has had many requests for copies of a general 
science test constructed in 1919. It is here presented as an exam- 
ple of how to construct such a test, based upon the one-word- 
answer principle 

It is relatively easy to construct an objective test by use of 
one-word-answer question. The construction of such a test 
involves only three essential steps: 

1. Select the facts or principles, which are to appear as ques- 
tions of the test, in such a way that an adequate sampling of the 
subject matter results. 

2. Select some objective or technical word or numerical fact 
for an answer, and then—and then only—construct the ques- 
tion by wording it in such a manner that no other answer than 
the intended answer may be given by a person who knows the 
true answer. That is, write the answer first, and then write the 
question. 

3. Try out the questions thus formulated upon some critical 
person whose business it is to attempt to evade giving the in- 
tended answer by answering some other “‘correct’”’ answer. On 
the basis of this tryout revise the wording of the questions. 

In step 1, we proceed to collect from the text many declarative 
sentences such as: 

a. ‘““‘The two fixed points on the Centigrade scale are zero and 
100.”’ 

b. “Carbon dioxide, a colorless gas, is formed when carbon 
burns.” 

c. “The coloring matter of green plants is called chlorophyll 
It is not present in mushrooms and parasitic plants.” 

The sentences are to be selected more or less at random from 
the different chapters of the book roughly in proportion to the 
number of pages per chapter. Inasmuch as the one-word- 
answer type of test has higher reliability than the multiple 
choice form, a smaller number of questions will suffice.! 

A hundred questions will probably give enough for a satis- 
factory reliability. The questions can be answered by high school 
seniors at the rate of about three to five per minute. These 
considerations will tell one something of how many questions 


r. C. Contribution to Education, No. 115, 1921 
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In step 2, we decide upon the technical word for the answer 
and formulate the question. For sentence (a) above we may 
write: 

l At what Centigrade temperature does Water Treeze 


or ins. Zero (0 
2. At what Centigrade temperature does water boil 


or { ae 
What temperature seale |} the boiling point at LOO 
degrees? 
OI j Ce 
t. What common subst er t LOO degrees Cent 
grade? 
or 17 iH 
5. What marking on the Centigrade scale corresponds to 


) 


the marking of 32 degrees of the Fahrenheit scale? 
or A? Z 





6. What marking on the Centigrade Seale corre sponds to 
the marking of 212 degrees of the Fahrenheit seal 
oO! 17 
7. How many degrees are there between the freezing point 
and the boiling point on the Centigrade seale? 
ete., ete. 17 LO 


Quite a few of the above seven questions may be reversed, or 
may be applied to the Fahrenheit and Reaumer scales as well 


+ 


Thus it is often readily possible to construct many alterna 


; 
* 
t 


vt 


questions about the same simple facts, and so provide mam 


alternative forms Oo! thi PXAMIIDAtION To pre vent coact ing © 
measure improvement . 20% ise in controlled « xpernnentation 
in determining the best method of teaching the subject, and so on 


In step 3, the critical answerer tries to evade giving the answe 
to the above questions which we have constructed. In this pro- 
cess the allowable alternative or synonomous answers often make 
their appearance These are to be written in parentheses on 
the scoring key 

In the test below the allowable alternative answers are given 
in parentheses. Any one of the allowable answers receives full 
credit. The score is the number of answers answered correctly 
Misspellings ol answers i otnerwise correct are not counted 
wrong. The fifty items are arranged in increasing order of 
from the responses of college 


freshmen 


difficulty, as determined 


) 


The test is not scaled 
loops General Science Lest 
(Based on Caldwell and Elkenberry s “General Science 
Read each question and then answer it on the line at the right 
A single word or number is a sufficient answer to every question 
, 


Time allowed (inclusive f time to read directions 16 minide: 


Samples 
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In what year was America discovered” 


What color are ripe strawberries” 


Per Cent of Failures by 


University Freshmen 
6. 


{4 


‘1. 
44. 


1) 


0 


oe. 


56 


dé 


Of what two chemical elements 
posed? 
What insect carries malarial fever? 
What do you eall the method by which arid or 
desert lands are made productive? 
What do you eall the yellow, dust-like grains 
often found on a flower? 
What do we eall it when the moon is directly 
between us and the sun? 
instrument is commonly used to measure 
the atmospheric pressure? 
What liquid would you pour on stagnant water 
to prevent mosquitoes developing there? 
What liquid is used in an artificial ice making 
system to freeze the water by its evaporation? 
W hat is air in motion called? 
What would you do to air to make it expand 
without changing the pressure on it? 
microscopic plant is used to produce 
fermentation in bread? 
W hen air has absorbed all the water vapor possi- 
ble, in what state is it said to be? 
What temperature is the freezing point on the 
Centigrade thermometer? 
What astronomica) body causes our tides? 
What chemical substance is formed when ¢car- 
bon burns? 
What name is viven to all the factors which sur- 
round us and affect our lives all the time? 
What food substance is found in great abund- 
ance in the white of an egg and lean 
meat? 
What supplies the force for applying the brakes 
on railroad cars? 
I put 100 foot-pounds of work into a machine 
and get 80 foot-pounds out of it; what is the 
efficiency in per cent of the machine? 
W hat is the chemical symbol for potassium? 
How many foot-pounds of work do I do in lift- 
ing a 10-pound weight a distance of 1-2 foot 
What do you eall a eyclone which originates 
over the ocean? 
What do you eal! the piece of apparatus used to 
make water run up-hill in emptying a glass? 
What term is used to speak of the wearing away 
of rocks and soil by the wind and water? 
What do you ecall the stage in a frog’s life be- 
tween the egg and adult frog? 
W hat is the stationary point called, about which 
a lever moves? 
What physical principle is involved in the ab- 
sorption of food by the roots of a plant? 
What instrument is used to change a high volt- 
age power transmission electric current to a 
110-volt current for household use? 
W hat acid is used in a storage battery solution? 


Wha 


What 


cheese, 


lEST'S 


1492 
Red 


gen 
Mosquito 

f A nophele 8) 
Irrigation 
Polle 
Eclips. 
Barometer 
Ke oil 


Ose 


A ninnoni_a 


Wind 

Heat warn 

Y east 

Saturated 

Zero (0 

Moon 

Carbon-Dioxide 
CO») 

Environment 

Prote 17 
Albumin 


Air (Compressed 


{ir 
Eighty (80 


Five 5 
H uTTicane 
Typhoor 

Syphon 

Ei Oslo? 

T ad pole 

Fuk Tun 
Oamosi 2 


Transformer 
S lpi uric 


HS0O% 


S1t 


A 
B 


Write your Answers Here 
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58. What important substance, ordinarily found in 


green plants, is lacking in mushrooms? Chlorophyl 30 
59. Which planet is surrounded by rings? Saturn 31 
59. How are new grapevines started? Cuttings (slips 32 

64. What kind of weather is indicated by a barom- 
eter which steadily remains high? Fair (clea iry) 33 

65. What would soon be the result if an animal was 
able to reproduce as fast as inherently possible Overproduction 4 

65. What industrial machine, employing the prinei- Hydraulic Pre 
ple of water pressure s used to exert enor- Cotton Press 

mous pressures. B +7) 

67 W hat VAS MAKES ip the rvest part of the com- 
position ol the air? Nitro iH 

68. What instrument is used for testing the solu- 
tion of an automobile storage battery? Hyd 7 

70. What do you eall the humidity which is always 
expressed as a percentage > Relat ss 

70. Of what material is the positive pole of a dry 
battery made? Carl ( 39 

71. What do you eall any pliant upon which a para- 
sitie plant is dependent for nourishment? Host 10 


72 My electric toaste! ises 600 watts electricity; 


how many cents will it cost to burn it for 2 


hours at 10e per kilowatt hour? / 1] 

75. What is the common name for the nitrate ferti- 
lizer imported from Chile? Saltp $2 

77. What device is used to make an electric wire 
safe against too he avy a current?’ Fuse 13 

79. How many million miles i t from the earth to 
the sun? (91) g j 14 

SU. What are all the pet | flowe1 taken to- 
gether, called? ¢ 15 

82. In what form does most of the loss in electrical 
power transmission take place? Heat i 

82. How many inches of mereury will the air pres- 30 (Anywhe om 

sure support at sea level? 29.5 to 30 47 
87. W hat planet is nearest the sun? V iri 1S 
89. What are the massive, white rainclouds called? Cumul 14 

91. Upon what number are the death rates from 


typhoid fever based? 100,00t 50 
The norms for this test determined from 515 university fresh- 
men taking elementary psychology are as shown on page 821. 
The test was given to nine different sections of college fresh- 
men in elementary psychology in an attempt to discover whether 
a knowledge of a student’s previous science training, as repre- 
sented by scores o1 s test, would lunprove the predictions ol 
marks in elementary «psychology made from the Ohio State 
University intelligence test The results are given in Table | 
Table # Interco! elations of Intelligence General Science 
Test and Psychology Marks, and the Multiple Correlation of 
intelligence and general science with Psychology marks in the 
case of nine sections of First and Second quarter psychology 
(The second quarter psychology is a continuation of first 


quarter elementary psychology. 
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Percentile Corresponding Number of 
items correct 

—$—_ -——__ —_— - - _ —_ -—- --- Se -_—_ —_——— ———— - 
Lowest scor 


10 15 





20 LS 
0) >] 
10 93 
0 5 
60 27 
70 ") 
S0) 52 
TY 7 
Highest Seore 1 
Number of cases 515 
Correlations of Multiple 
‘ot Correlation 
Section and | x General Sei. | Intelligenee | Intelligence Predict- 
Quarte! Test and Psy. Test and Psy.|Test and Gen. ing 
Marks Marks Sei. Test Marks 
First Quarter 
Section A 60 2) 5 1G 52 
Section B 12 O54 2:3 LD 24 
Section C is 7) a2 13 53 
Section D Oy } 25 50 5) 
Section E 66 33 24 52 34 
Section F vi 1” 
na Qu el 
( 78 0) | 2 Ss 
H 10) IS iH Ss 6 
| 19 14 65 18 36 





From the above table it will be noted that the general science 
test correlates rather low with psychology marks; and that the 
general science test, with but two exceptions, correlates between 

12 and .50 with intelligence. For these reasons the addition 
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of the general science test to the university intelligence test 
does not yield a multiple correlation for the two tests which is 
much higher than the correlations of the intelligence test alone. 
The correlations of intelligence with psychology marks vary 
from .23 to .52. We have reason to believe that the two correla- 


tions of .52 are as high as they are because of superior motiva- 
tion 
In section \, the results of a reading test were available also. 


The intercorrelations are given in the following table 


r of psychology marks and general science 20 
r of psychology marks and intelligenes 52 
r of psychology marks and reading 47 
r of general science and intelligence 46 
r of general science and reading p 46 
r of intelligence and reading 69 
Multiple correlation of general science and intelligence with psychology 
marks a2 
Multiple correlation of general science and reading with psychology 
marks 47 
Multiple correlation of intelligence and reading with psychology 
marks 4 


The conclusion irom the multiple correlations presented Is 
that neither reading or general science much improve the predic- 
tions of marks made from intelligence alone. Those students 
who are poor in the science test, if of high intelligence or if able 
to read well will succeed in psychology almost as well as if they 
were good in general science. This demonstrates only that the 
psychology is taught with but little reference to any science 
principles which must be in the possession of the student at the 
time he enters the course Such science analogies as the psy chol- 
ogy instructor may use are capable generally of being understood 
by the bright student or by the good reader without previous 
knowledge of general science as measured by this test 

Summary 


1. A general sciences has been presented as an example of how to 
construct such a test 

2. The most important rule for such test construction is: Decide on the 
desired answer first, and then write the question to fit it. 

3. College freshmen norms are given. 

4. Data on nine college sections in psychology indicate that the test 
correlates low with psychology marks in university freshmen classes. 
This does not indicate that the freshman needs no science for the study of 
psychology but probably rather that instructors have been compelled to 
use very simple scientific analogies—such ones as a bright student or good 


reader can readily grasp upon presentation by the instructor 
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THE STRUCTURE OF THE ATOM. 
By Puriurrs H. Apricuat, A.B., B.E, 
Physics Laboratory, University of Mississipp 

The developments and discoveries in the field of physics in the 
last twenty-five years have raised interesting questions as to the 
nature of matter, and upset many of the older notions in regard 
to the structure of the molecule and the atom. Since the dis- 
covery of the electron, the atom can no longer be considered the 
ultimate division of matter. The theories of hard or solid atoms 
break down in the light of recently discovered phenomena of 
radioactivity and the X-ray. Many intricate problems have 
arisen which demand the division of the atom, and yet its in- 
tegrity as a chemical unit remains a fact. The search for a 
suitable explanation has occupied the attention of the foremost 
physicists of the world, but the most satisfactory one yet ad- 
vanced is that of Neils Bohr of the University of Copenhagen, 
whose theory will be briefiy outlined in the following pages. 

The essental postulates of this theory are as follows:—The 
atom consists of a positive nucleus and one or more negative 
particles (electrons) which revolve about the nucleus at dis- 
tances very large compared with the diameter of the individual 
particles. These electrons have definite “‘stationary” orbits in 
which they can revolve about the nucleus; an electron may pass 
from one orbit to another, but cannot remain in the space be- 
tween two orbits. Radiation from the atom occurs only when 
an electron passes from one orbit to another one nearer the 
nucleus; external energy must be introduced to displace the 
electron to a more remote orbit. These postulates, briefly stated, 
require further explanation as to their significance and experi- 
mental facts upon which they are founded. 

Historically the subject of atomic structure may be said to have 
had its origin in the experiments on the discharge of electricity 
through gases at low pressure in some form of discharge tube 
first investigated by Sir William Crookes. In 1895 Sir J. J. 
Thompson proved conclusively that the cathode rays, discharged 
from the negative electrode of the tube, consisted of negatively 
charged particles, called electrons. He measured the velocity 
of these particles, and the ratio of their charge to their mass, 
which he found to be constant for all ordinary velocities of the 
electron. Later, Professor Milliken determined experimentally 
the charge on the individual electron to be 4.77x10~!” electrostatic 


A orief report based on the investigations of Rutherford, Bohr, Crowther, Aston, and 
% mpton, witl SPerial € nphasis on the published work rf Bohr 
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units. The mass of the electron was found to be 8.96x10-** 
gram, or about 1/1800 of the mass of the lightest atom known, 
the hydrogen atom. Moreover, this mass can be shown to be 
entirely an electrical effect due to the charge which the electron 
carries; hence the electron constitutes a real ‘‘atom” of electricity. 
Electrons can be produced in all substances; they are all exactly 
alike exeept in their velocities; every electrical charge discovered 
is an exact multiple of the charge on the electron: Hence the 
electron must be a fundamental constituent of all matter 

The other fundamental constituent of matter is the positive 
particle, called the proton. In the discharge tubes where the 
electron was first observed appeared another discharge in the 
opposite direction from the cathode rays, and on analysis this 
discharge was found to consist of positively charged particles, 
each having a mass equal approximately to the mass of the atom 
of the substance from which it was derived. It would appear 
from this fact that there is a separate positive particle for 
each element. The phenomena of radioactivity, however, 
indicate that this is not the case. The «-particles emitted from 
radioactive substances are atoms of helium; and since these 
atoms are ejected from atoms of greater mass, the original 
atomic nucleus must have been constructed of a number of 
units at least as small as the helium atom The latter is 
found to have four times the mass of the hydrogen atom; 
hence it is generally agreed that the helium nucleus contains 
four hydrogen nuclei, and that probably every atomic nucleus is 
composed of a number of hydrogen nuclei, this assumption 
being based upon much expermenal data that indicate its 
truth. Furthermore, nitrogen has actually been disintegrated 
by bombarding its atoms with «-particles, yielding hydrogen 
as the result. Experiments with the force actions between these 
positive particles show that they must approach each other 
nearer than 10-'*cm.; therefore the radius of the positive particle 
is less than 10-'* em., or considerably less than that of the 
electron. It can be shown that a particle of radius « carrying 


to 2z-/3a. 


a charge = has a mass due to its charge equal 
According to this formula, electromagnetic mass is inversely 
proportional to the radius of the particle, and the proton will 
have an electromagnetic mass equal to that of the hydrogen 
atom (approximately) if its radius is 1/1800 that of the electron 
(= being the same for both). It seems probable, therefore, that 
all mass is electromagnetic and that the nucleus of the hydrogen 


atom 18 the ultimate nositive particle 
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How, then are these two fundamental divisions of matter 
grouped to form the many different atoms? The theory of 
Bohr and Rutherford can best be understood by taking first the 
simplest case, that of the hydrogen atom. The mass of the 
hydrogen atom is practically equal to the mass of the proton, 
and the nuclear charge is a single positive charge. Hence the 
neutral atom must contain one proton, and one electron to 
neutralize the positive charge. The electron revolves about the 
nucleus in an orbit whose size determines the size of the atom. 
and the orbit, according to Kepler’s first law is an ellipse with 
the nucleus at one focus and a major axis equal to 2a= 2/W, 
where -& is the charge on the electron and W is the work which 
must be added to the system to remove the electron to an 
infinite distance from the nucleus. The frequency of revolution 





in this orbit is given be the equation » =/2W*/*e m where 
m is the mass of the electron. It is apparent from these equa- 
tions that by varying W any values of 2 and w can be obtained. 

At this point we are at once led into three difficulties. 
How can such a simple system produce the spectrum of hydro- 
gen, with its lines all the way from the red to the ultra-violet? 
If this spectrum be due to different values for the orbit of the 
electron, we must at once assume that the orbit cannot vary 
continuously between wide limits, since the spectrum is not 
Furthermore, according to the ordinary laws of 
the oscillating electron would continuously 


continuous 
electrodynamics 
radiate energy, thereby decreasing its orbit until it finally lost all 
its energy and fell into the nucleus. 

\ method of escaping these difficulties has now been found in 
the application of ideas of the “‘quantum” theory advanced by 
Planck, which is a radical departure from previous conceptions 
in that it is the first instance of the assumption of discontinuity 
in the formulation of the general laws of nature. Planck in his 
experiments in heat radiation discovered that ‘results did not 
agree with predictions based on the wave theory of radiation, 
that energy was not radiated continuously but in definite units 
or quanta, which he found to be equal to 6=hy/, where \ is 
the frequency of the radiation and h is a universal constant 
found to be 6.55x10'*’ erg-sec. The success of this theory in its 
application to the phenomena of photo-electricity, X-rays, 
specific heat, and conductivity has led to its acceptance by 
scientists as one of the fundamental laws of radiation. 

In its application to the problems of atomic structure, the 












































SCIENCE MATHEMATICS 





SCHOO! iND 





826 





quantum theory rests on two postulates: First, there are certain 
states in which the atom can exist without emitting radiation, 
although the particles are in accelerated motion relative to one 
another; and these so-called “stationary” states possess a 
peculiar kind of stability, so it is impossible to add energy to 
or remove energy from the atom except by a transition of the 
atom into another of these states. Second, each emission of 
energy resulting from such a transition consists of a train of 
harmonic waves, the irequency of which does not depend upon 
the motion of the atom but is determined by Planck’s equation 
5=h+/ 6 in this case being the total energy emitted during the 
process. The interpretation of the hydrogen spectrum is now 


more clear. This spectrum consists of a series of lines, the 
frequencies of which are given by the Balmer formula 
‘ K{1/(n’’ 1/(n’ 


\ 


where n’’ and n’ are inte gers. The hydrogen atom, therefore, 


is believed to consist & proton with an electron revolving 
about it in an orbit represented by an integer, a line of the 
hydrogen spectrum | g produced by a radiation emitted 
during the transitior the orbit n’’ to the orbit n’ 

“On the whole,” says Bohr, ‘“‘we may say that the spectrum 


of hydrogen shows us the formation of the hydrogen atom, since 
the stationary states may be regarded as different stages of a 
process by which the electron under the emission of radiation 
is bound in orbits of smaller and smaller dimensions correspond- 
ing to the states with decreasing values of n’’. The orbit de- 


scribed by the electron is connected with the energy of the atom 


in asimple way. 'y applying Planck’s formula for frequency to 
the Balmer formula, it is found that the energy of the electron 
in the nth stage, assumed to be numerically equal to W (above) 
is given by the equation IX, = Kh/n*® Kepler’s formula 2a= é/W 
then becomes 2a,=n’@/hk. It is thus possible to calculate 
the orbit for each \ e of n. The final result of the binding 
process leads to a quite del nite stationary state where n=l, 


which corresponds to the minimum energy of the atom and is 
called the normal stat \n interesting check on the correctness 
of these calculations is the fact that the theoretical expression 
determined for K agrees closely with the empirical value of the 
Rydberg constant for the spectrum of hydrogen 

We may extend our study to the atoms of other elements 
4 combination of protons is found to have a smaller mass than 


the sum of the individual masses -) that the hvpothetical unit 
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atom of unit mass into which all other atoms are divided has 
actually a smaller mass than the hydrogen atom of mass 1.008. 
The weights of all other atoms, however, are whole numbers, 
based on this unit. Helium, the next element to hydrogen in 
the periodic table, has an atomic weight of 4 and a nuclear 
charge of 2. Hence if the helium nucleus contains four protons, 
as is necessary for its mass, it must contain also two electrons 
to neutralize two of the positive particles. The way in which 
this combination is bound together is not definitely known, but 
there are evidently very powerful internal forces, as this is one 
of the most stable of combinations and cannot be disintegrated 
by any known means. About this nucleus are two electrons re- 
volving presumably in their orbits in a manner similar to the 
one electron of the hydrogen atom. 

Many theories have been advanced as to the structure of the 
nuclei of more complex atoms and the arrangement of the outer 
electrons. In all cases, according to the theory, the mass of the 
atom is determined by the number of protons in its nucleus, and 
its chemical properties by the number and arrangement of the 
outer electrons, which correspond in number to the atomic- 
number of the element in the periodic table. In the nucleus of 
the atom there is never less than one electron to every two pro- 
tons; these electrons probably serve to bind together the antagon- 
istic positive charges. In order to account for the periodic 
table it has been suggested that the outer electrons are grouped 
in rings, each ring corresponding to a series in the periodic table. 
All the inner rings are complete, but the outer ring contains any 
number up to the maximum, the number determining the posi- 
tion of the element in the series. 

The theory of atomic structure has been verified, reasonably, 
for elements of small atomic weight, but its application to the 
more complex atoms presents such difficulties that at present 
all the results are of a somewhat speculative nature. Bohr’s 
theory as it now stands is incapable of explaining the important 
points of stability of the atom and chemical properties, but 
there is evidently so much of truth in it that it will probably be 
extended in the future to lead to a more perfect and comprehen- 
sive knowledge of the ultimate structure of matter 
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THE CONDUCT OF LABORATORY WORK IN ELEMENTARY 
CHEMISTRY. 


By W.G. Bowers, Pu. D., 

Head Chemistr: Department Colorado State Teachers College. 

Any conscientious teacher will puzzle a great deal over the 
supervision of laboratory work for beginners in chemistry. The 
writer used to say this was a very grave problem to the teacher 
of chemistry in the first years of his experience. But now he is 
inclined to say it is just as grave to the older teacher as it is to 
the younger one. General ideas concerning character of experi- 
ments and printed helps in manuals can be disseminated in such 
a way that the older the science is and the more experience the 
teacher has, the less will need be the worry over these things. 
However when it comes to personal supervision, the develop- 
ment of educational schemes, the advancements in the special 
subjects as well as the wide variations in the intellectual char- 
acteristics of human groups; the problem becomes much more 


complex, and when it comes to personal assistance of individual 


students, the fact that no two students ever were alike or ever 
will be alike, furnishes a problem which never will be completely 
solved. 

The fact that the psychology of the individual must be taken 


into consideration, and that the peculiarities of the individual 
must be learned, may be the reasons why F. 8. Kedzie, ScHOOL 
ScIENCE AND MATHEMATICS 5, 309-17, 1905, said the first labora- 
tory experiments done by students must be more closely super- 
vised DY the instructor, than need be for the later ones 

Of course we know what L. C. Newell, ScHOOL SCIENCE AND 
MATHEMATICS 7, 165-1907, means when he savs ““The beginner’s 
work must be conducted judiciously for, to these students, chem- 


istry is a new field, the student is appalled by the language, by 


the apparatus and by the materials He is told to observe and 
interpret. Help must be brought to overcome the fright or 
rather the bewildert 

If for these two very important reasons, the first few exper! 
ments in an elementary course should have closer supervision 


and more personal help rendered to the student, we could for 
the same reasons conclude that the beginning course should 
receive closer supervision than need be for the later courses 
Before we proceed further with a discussion of supervision 
and personal assistance, however, we should make careful dis- 


tinetion hetwee! pervision ane personal assistance lf re gard 
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to laboratory work. Supervision may never take the form 
of personal help as far as manipulation of apparatus is concerned. 
It should often take the form of personal help as far as provoking 
thought on the part of the student is concerned. Supervision 
should always be close. Personal help should be rendered only 
when necessary to cause the student to put more confidence in 
his own resources. Supervision cannot be too close as long as 
it is for the purpose of ascertaining when the student’s needs come 
and what they are when they do come. Personal assistance can 
be too great. It can be great enough to destroy a student’s 
confidence in his own resources. It can be so great that the 
student will never think a thought of his own. 

Since we have continually tried to put great emphasis on 
thought provocation, we ought to mention some conditions 
which are preliminary to the actual work with apparatus and 
materials. By all possible means we should arouse mental alert- 
ness on the part of the student. We do not mean, wake him up 


from sleep. This can be done with the very kind of noise which 


would interfere most seriously with his thinking chemistry. 
Starting automobiles just outside the laboratory not only 
interferes with his hearing the instructor but it makes him want 
to go somewhere lor this reason the laboratory should be 


situated in a quiet place or else provision should be made against 
all distracting noises. ‘Too much conversation on unrelated sub- 
jects drives the students’ minds into unrelated channels. Best 
instructors allow no whistiing, singing, and talking in the labora- 
tory excepting talking on the experiment which ts being per- 
formed 

If preliminary precautions must be carefully observed in order 
to awaken the mind and get it started to thinking scientifically, 
and all noises, commotions, and conversations impertinent to 
the subject must be avoided in order to keep the mind on the 
subject; it is all the more important that the instructor makes 
his supervision of the work such that it does not side track the 
mind from certain definite lines of thought. These lines of 
thought should be scientific and logical. Of course they must be 
scientific if we are studying a science. They must be thoughts 
of chemistry if we are studying chemistry but that is not all that 
is meant by scientific. They should have a classified relation 
to each other and they should lead to truth. They should lead 
to truth in a logical way. Big thoughts do not suddenly break 
in upon small minds. They are built up by small ideas which 


have order in the structure 
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This is no doubt the reason why L. C. Newell, ScHOOL Scrmnce 
sND MATHEMATICS 7, 165, 1907, saysthe student’s mind, while heis 
operating in one direction must not be interrupted by irrelevant 
questions. He says that directions for preparing oxygen should 
not be interrupted by questions as to why use manganese dioxide 
or as to the principles underlying the collection of a gas over 
water. These should be asked in some other connection. Di- 
rections involving a continuous operation shouid not be split 

asunder by questions as to subordinate features of the manipu- 

lations. 

This is what makes very close supervision on the part of the 
instructor important. To make directions in a manual suitable 
to all grades of students is impossible. The instructor must 

: provide all that is necessary to guide the thoughts of each student 

or group of students under his supervision at the time. This 

means that he must keep close tab on what is going on in several 
places at one time. 

Newell goes on to say that the instructor should not merely 
demand the what and the why concerning the observations and 
the final conclusions but he should suggest the line of observa- 
tions, such as change of color, evolution of gas, change in tem- 
perature, formation of precipitate, etc., and give hints as to 
conclusions. He says also that most students like to perform 
experiments but few students like to do the original and inde- 
pendent thinking concerning the conclusion. It is necessary for 
the instructor to compel and guide the thinking by carefully 
devised questions. 

After the student has completed an experiment, it is very hard 
for an instructor to satisfy or profit him by indicating that he 
has failed to observe or that he has failed to conclude aright. 
It is better if the instructor can see and bridge beforehand chasms 
across which the student has not eyes to see 

In order to keep the student thinking scientifically and logic- 
ally as he proceeds with an experiment, the instructor must not 
only be able to see the line of thought from observations to con- 
clusions and be able to avoid irrelevant ideas on the part of the 
student, but he must be able to provoke and relate thoughts 
which pertain to conclusions beyond those concerned with the 
experiment in hand. In the oxygen experiment he should not 
only avoid the branching off onto the principles concerned with 
the collection of gas over water, and hold the student to ideas 
earbon, and oxygen 


eoneerned with reactions of oxvgen with 
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with phosphorous etc., which lead to conclusions concerning 
chemical properties of oxygen, but he should have the student 
thinking of how these particular methods serve as general meth- 
ods of testing properties of any gases 

The young teacher who goes before his laboratory groups with 
the idea that he must guide the student’s thinking rather than 
burden him with instruction is continually confronted with the 
problem as to what to do and say. His first idea as to the solu- 
tion of the problem is: he should do and say as his own teache: 
did and said for him. But this may not be the thing for the 
student he is dealing with at the time. He needs to watch the 
student just sufficiently to find out what he is doing or is about 
to do, (not with a critical attitude), but by passing around and 
casually noticing. If the student is not taking hold at all, a good 
question to ask is, if he needs any help. This is a good question 
at any time when the student seems to hesitate. If this does not 
enable the instructor to tell what is in the student’s mind, he 
should make some slight suggestions concerning the next step 
to be followed, carefully avoiding saying too much and depriving 
the student of the joy of thinking the thought which he should 
think. The instructor’s suggestions should follow each othe: 
only as they are necessary to keep the student going. The in- 
structor should keep hands off of apparatus at all times unless 
in a dire case of necessity in which he is convinced that the stu- 
dent should see some important thing done once in order to en- 
able him to practice the same thing more effectively in the future. 

This is in accord with much of what Segerblom, ScHooL 
SCIENCE AND MATHEMATICS, 10, 18, 1910, says. He says the 
instructor should be careful as to what he says. He says there 
is danger of saying too much. He alsosays, “the instructor 
should maintain a scientific attitude of unprejudiced honesty 
of observation The best time to do this is when helping the 
student in his experiment We should say the best time to 
do this is when he is encouraging the student to help himself. 

This method of conducting laboratory work might not be the 
method of getting things done most rapidly. But rapidity of 
turning out work is not the chief object of doing laboratory work. 
On very rare occasions the instructor may be justified in helping 
to rush through an insignificant step by helping to manipulate 
laboratory apparatus or giving specific directions in certain 
insignificant operations. As a general rule, however, at the end 


oraveant "s work the iverage atic nt will nave turned out as muct 
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work (in number of experiments, etc.) by being encouraged to 
go to his own limit before receiving even helpful suggestions, ag 
he would if he had been helped at every place in which oppor- 
tunity presented itself. 


If memory regarding procedure was the main consideration, 


the student could be depended upon to remember better what 
he thought out and did for himself than what he saw the in- 
structor do, and so the latter half of his course of experiments 
would go faster after thinking his own way through the forme 
half, than it would if he had let the instructor help him in even 
thinking what he ought to have thought for himself in the forme: 
half. 

But memory is not the only mental attribute to be cultivated 
in laboratory exercises. In thinking over the many things that 
have been said on this as a general topic, we are reminded of 
what R. H. Bradbury, ScHoot ScreENcE AND MATHEMATICS 
15,782, 1915, said. In disoussing methods of laboratory instruc- 
tion he said ‘“Make questions such as will call forth reasoning 
instead of memory \Mien of judgment will get information from 
reliable sources and solve problems Men of information and 
not power of reasoning will have a life full of errors.”’ 

Avoiding a life of errors is what education 1s for. So this 
philosophy is timely in whatever direction it may be applied. It 
1S especially timely in the study and practice of chemistry. In 
practical chemistry it might be said that errors are more liable 
to lead to great disasters than in any other field of human en- 
deavor. Therefore, of all of the subjects of learning, chemistry 
is the one in which the teacher needs to guide his students in 
laying foundations for scientific thought, if even it is at the 
expense of cultivating memories and accumulating funds of 


informatior 


OBJECTIVES OF HIGH SCHOOL CHEMISTRY 
By S. R. Powers, 
Teachers College, Columbia University 
The definitions of main objectives of education has stimulated 
efforts to define social values for the various subjects of secondary 
education. In the field of chemistry as in other sciences a number 
of writers have made expression of social values or social objec- 


tives which should be made the goals of instruction The im- 
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portance of these statements lies in the fact that for the most part 
they represent the most careful thought of the educational 
leaders in the field of curriculum. 

The following list of objectives ol chemistry represents &a 
compilation from many sources. It is probably sufficiently 
comprehensive to include all the possible objectives which have 
been defined for this subject in the educational literature. Only 
such changes have been made in the original statements as were 
necessary to make them intelligible out of context. These are 
meaningful to the reader only if he is able to associate with the 
statements the types of subject matter and of class room activi- 
ties which would be useful for their accomplishment. 


OBJECTIVES OF CHEMISTRY An eleventh or twelfth grad subject 


To give to pupils a broad and genuine ippreciation of what the de- 
velopment of chemistry means I modern social, industrial nd 
national life 

lo satisfy the natural interests in the things and forees of nature 
vith which men are surrounded and with which they must di to 
vive information which is interesting, purely for its own ‘ 


fo provide opportunity for the student to become acquainted with 
the applications of chemistry to industry for the purpose of educational 
nd vocational guidance and possibly to furnisl beginning of voeca 


ional training 


ad to develop such broad concepts ind natural laws as the litimate 
composition and indestructibility of matter, nature of chemical com- 
positior interrelation of chemical elements, ete., to the end that 
science and reality may function in place of superstition and un- 
certainty in explaining natural phenomena 
ro contribute such speci he ideals, habits, and coneepts as those ol 
icecuracy, achievement, persistency, open-mindedness, honesty, cause 
ind effect vhich are essential to the study of sciences 
lo develop system, order, neatness, and possibdi other attributes to 
the end that they will function in the ordinary affairs of life 

g. To afford in some measure an opportunity to show the importance of 
scientific research and to stimulate the spirit of investigation and in 


vention on the part of the student 

lo give to children full opportunity to indulge in the playful manipula- 
tion of chemical material in order that they n f xplore the world of 
reality as widely and as deeply as possible 

lo provide opportunity for acquaintance with such applications of 
chemistry in public utilities in order that the student may more 
adequ itely fulfill the duties of eitize nship 

To provide opportunity for acquaintance with such applications of 
chemistry as contribute to the maintenance of the health of the in- 
dividual and the community 

To provide opportunity for acquaintance with the elementary laws 
of nature which aid in understanding those citizenship problems which 
arise in connection with such topies as Utilization of waste products, 
elimination of smoke, pure foods, ete 

To make pupils able to read more intelligently and with greater inter- 
est, articles on chemistry in magazines and in scientific books of 
popular character 

To give such training as will result in inereasing respect for the work 
ot recognize d experts 
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A STUDY OF MATHEMATICAL ABILITIES, POWERS, AND 
SKILLS AS SHOWN BY CERTAIN CLASSES IN PHYS- 
ICAL SCIENCE 


By Vere C. Loner, 
University of Chicago, Chicago 
lor many years, the country over, in the schools in which free 
election of courses is permitted, physics has been losing ground 
In those schools where elections are limited to certain groups of 
courses, it is noticed that those groups which are free from phys- 
ical sciences are the most popular. The per cent of students 
enrolled in public schools, taking physics, as shown by the re- 
ports of the Commissioner of Education for the years 1890 to 


1922 was as follows 


Year Per cent 
LS90 22.21 
1895 22.27 
1900 19.04 
1905 Ld bb 
1910 14.61 
1915 14.23 
1922 8.93 


: A canvass of the Junior College classes in physics in the 
University of Chicago, as to why they had not taken physics 
before reaching this level, reveals the fact that nearly eighty pe 
cent of them had purposely avoided it because it “had a bad 
reputation,’’ or because of fear of the difficulties it was supposed 
to offer. The remaining per cent had never had a chance to 
take it under favorable conditions. 

Physics has suffered long enough from an inherited weakness 
That there is a weakness is evident. The oft repeated con- 
fession, ‘I understand the physics, but I can’t do the problems,’’ 
is evidence enough of the source of the trouble. As long as 
teachers of physics are willing to go along their way, taking no 
necount of the mathematical condition of their pupils and making 
no effort to apply remedial or corrective treatment, choosing 
rather to blame the student, or his former mathematics teachers 
for his short-coming, so long will physical science be regarded as 
a thing to be shunned, by a large per cent of pupils. How 
much more scientific is it for the teacher to attack the situation 
in a scientific manner and by making a diagnosis of the ailment, 
apply a remedy that will permanently cure the patient of the 
malady! It can be done. A very frequent testimony given in 
such cases is to the effect that more mathematics has been 
learned by taking physics than in the mathematics courses 
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While such statements are perhaps extravagant, the fact remains 
that mathematics courses lack assimilative material, and with the 
physics motivation, much mathematics which has never reached 
the stage of real adaption becomes mastered. 

The problem of the physics teacher with respect to mathe- 
matics is no different than his problem with the English situa- 
tion. The teacher who is unwilling to apply corrective measures 
in English is failing as a teacher, even though he may succeed to 
a high degree in producing the adaptations desired in the sub- 
ject matter of physics. The teacher of physics who is content 
to pass by the mathematical weaknesses of the fifty per cent or 
more of his class, and pitch his teaching so that it is within the 
grasp of less than half of the students, is failing to function as 
a real teacher and failing miserably as a physics teacher. 

The data of this paper show that more than fifty per cent of 
the students investigated come with rather limited abilities in 
mathematics. The causes of these limitations is not the subject 
of this paper, nor is it the primary concern of the physics teacher 
when he has found such a situation. The data show more- 
over, the type of deficiency which is most prevalent and which 
must be corrected before success in physics can be achieved. It 
points conclusively to the need of re-teaching certain of the 
mathematical concepts. This may be done, of course, in a 
variety of ways. The teacher is conscious of the limitations 
of the class as a whole and of the particular individuals in the 
extreme cases. Success in this line will, and has, made an en- 
tirely different attitude on the part of the pupil toward the 
subject. 

Any conclusions that may be drawn from this study are based 
upon a test of twenty-eight problems or tasks involving mathe- 
matics or mathematical understandings, powers or skills. These 
problems were selected to represent the type of mathematical 
ability that the course in beginning physics requires. Each 
student was given time to work all the problems he was able to 
work. The interpretations are based upon what he did solve 
and solve correctly. No inference is made that he can or can- 
not solve others. 

This study is an attempt to determine from the available data 
some light on the following: 

1—Of which of the mathematical processes used in the phys- 
ical sciences, do the students coming into the classes lack com- 


mand’? 
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2— Of which mathematical processes used in science, do 
the students coming into the classes have a command? 
3—To what extent do these pupils have command of the 
various mathematical processes? 

!—Is there any relation between the ability shown and the 


) 


number of years of mathematical study’ 
5—Is there any relation between the ability shown by classes 
taught under a mastery technique and those taught by other 
methods? 

The study is based upon the results obtained from two classes 

46 students) of the University High School, starting physics in 
October and two classes (45 students) from the Junior ¢ ollege 
of the University of Chicago, beginning physics at the same time 
It is well to call attention te the fact that the number of years ol 


mathematical preparation varies in both the high school and 


college groups The age of the students of the high school gro ip 
varies from 13 years 9 months to 17 years 10 months, with an 
average age of 16 years 4 months. The ages of the junior college 
group vary from 16 years 5 months to 28 years 9 months, the 
average age being 19 years 10 months. The study, in so far as 


points 1, 2 and 3, above is concerned, does not need to take any 


concern of these things. It may be well to have these differ- 
ences in mind in interpreting the rest of the study. The relative 
importance of the mathematical adaptions and powers is not in 
question All of the processes tested are in use—many of them 


in constant use—in physics, and ability to use them must be 
possessed or be achieved before physics can be successfully mas- 
tered. The student who ‘‘Understands physics, but cannot do 
the problems” is misleading himself. Thorough understanding 
of physics involves an ability to sense the principles in the pro- 
blematic situations of the environment and to solve them. In 
deed much of the assimilative material from which real under- 
standing comes, is to be found only in problem situations. It Is 
entirely possible thaf much good material may be positively 
inhibitive through no fault of the material in itself, but because 
of mathematical difficulties encountered in its assimilation. The 


corollary of this is that much lack of assimilation is due to 
mathematical weakness. 
The weakness may be, lack of understanding of fundamental 


» perform mathematical opera- 


mathematical ideas, inability 
tions, or may be traced to inaccuracy Or g£ross carelessne 


+ 


Whatever the cause, it is of vital importance that the teache 
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the trouble and apply corrective treatment, 


if the adaptions contemplated by his course are to be realized. 
understood that this paper has no desire to place 


thematics teachers, or to criticise any method 


may or may not have been used. It is an 


i¢ situation with respect to the mathematical 


vailed at this time, and at others as will be 
r to determine upon the kind and amount of 
required. 


1 quest ions follows 


| A boy me res the radius of a cirele and finds it to be 24.382 
nehes The ¢ t radius is 24.30 inches. a) How much error did he 
make in measul b) What is the per cent error in his measurement? 
( Vh would be | percent error in the area of the cirele, if he used 
his measureme d of the correct radius in calculating the radius? 

2 Show by rraph, using cross-ruled paper, the relations given 
' he table be 

\ T'o7 of Coal I Fa 

January 1500 July 1,200 
Februar 1,400 August 1,250 
March 1.250 Septembe1 1,600 
\pril 1200 October 1,400 
Mav 1.100 Novembe1 1,350 
June 1,100 December 1.300 

i \I graph to show the relationship expressed in the 
quatior ( F 32) 5/9, plotting the corresponding values of 
80, 70, 90, 100. Let the values of C be laid off horizontally and the values 
of KF vertical Lance betwee n two heavy lines be ing equal to 10 
degrees \\ the value of F when C=95; as shown on your 
graph. 

} Write tl eciprocal of 6/9: and b) of 2 

5 10°; na Class is 4% of the girls in schoo There are 
100 girls in seh How many boys are there in the class? 

6 Miu 7 ( ib 160. 

y Divide .0179 1 000475 

S 04 | hat number 

4 If 4/9 ‘loth eosts 14/27 dollars What will 5/S of a 

rd cos 

10. Ir rie | ms ls j ] 32, andt b Find the value of S 

1] In the ec V Vv 29 32andS=800. Find the value of V 

12 lixpre 17 1 decimal 

13 if W=VA A=V/R h is the value of W in terms ol 
\ nd 

14 S owing expression:— 

Ly ; a fh + 
Wi! KF in the equation I/F | D +- | D 
| ib The mer s 6 mehes W hat is the liamete! 
b) What 1 section through the center? ec) What is the 
urea of the irtace ne phere W hat ts the olume of the sphere 

17 What pacitv of a Hox &.U05 Tt long, 6.48 ft. wide and 
4.2 ft. hig 

1S The dis ct vhich two opposing football teams rained by the 
use of the fo 1 pass were inversely proportional to the score. The 


game ended 
passes 


19 





ind the sinning team made 22 yards on forward 
rds did the losing team make on forward passes? 
inches One meter equals 100 cent 
4.35 inches? 


in one meter 


fimeters re there in 
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20. 
is the average speed per hour? 
21. What is the capacity of 
diameter and 75 centimeters deep? 
The first table will show 


made by the two groups. It is self explanatory. 
TABLE 1 
U. High 
Total number of solutions 
28 problems X number of students 1288 
Total number correct in method 700 


Total number correct in both method and aceur- 


acy 517 
P. 5 -orree tthod ~« 
er cent correct in metho a3 
Per cent correct in both method and aceuracy 40 
Per cent of accuracy 74 


TABLE 2. 
lo Method 


C'omposite Score of Problems Correct as 


] lb le 2 3a 
U. High (46 38 13 a 
J. Coll. (45) 36 17 11 1S 11 
Totals 74 30 14 56 35 
©, Correct 8] 33 15 61 38 
th 7) 6 7 sS 
[ High 13 28 5 35 16 
J. Coll 19 30 36 24 10 
Totals 32 58 81 5Y 26 
C‘orreet : 35 4 50 66 20 
1] 12 Ls 14 15 l6a 
{ High 10) 5 4 oo 29 15 37 
J. Coll 2 aS 32 36 11 38 
Totals $2 70 64 65 16 75 
Correet Of 7¢ 70 71 17 82 
LG 7 IS 19 
U. High l 3 16 34 
J. Coll ? 13 19 39 
Totals b SO 35 73 
% Correct 7 O4 39 SS 
TABLE 3 
f om pos fé Score P Ey j Correct Method 
l lb li 2 3a 3b 
U. High 37 8) 2 42 2¢ 14 
J. Coll... 36 17 6 13 6 2 
Totals 73 26 8 55 29 16 
—% Correct Q] ) 9 60 32 17 
\ + 10 





An aeroplane flies 2000 miles in 16 hours and 23 minutes. 


a general summary of the test results 


What 


a evlindriecal vessel 50 centimeters in 


as 

J. Coll. 

1260 

670 

517 

53 

15 

77 

$I be 
26 14 

2 22 

28 36 
31 t 

+ 10 

19 37 

14 22 

33 59 
36 6 
l6b 16¢e 
9 l 

24 Ss 

33 Q 

36 9 
20 21 
39 25 
41 21 
SO) 16 
SS 50 
iccuracy 
4a 4b 
14 13 
22 19 
36 32 
10 35 
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U. High... . 2e 35 19 3 13 33 1s 24 
> am é s 30 18 9 10 18 21 35 
aes . & 68 37 12 23 51 39 59 
% Correct.. 59 74 41 13 25 56 43 65 
13 l4 15 l6a l6b l6e l6d 17 

U. High 27 17 5 37 9 ] l 31 
J. Coll 3 27 Ss 38 21 S l 4] 
Totals.. oS 44 13 75 30 +2] 2 72 
&% Correct 64 1S 14 82 33 10 2 79 
IS 19 20 21 

U. High Ld 19 20 7 
J. Col 19 35 26 21 
Totals 34 54 46 28 
Correct OS 59 50 30 


¢ 


Out of the twenty-eight problems, in the High School we find 


a median score of 10.78 on the entirely correct basis. 
Junior College group the median is 11.6. 


scores in the first case, based on per cent, is 61 points (7 


In the 


The range of the 


68%). 


In the latter, it is 66 points (14—80%,). 

Table 4 is arranged to show the type of difficulty occuring. 
The first column gives the mathematical process involved and 
is arranged in the order of decreasing difficulty for Junior College 
Students. 
entirely correct. 


The second column gives the per cent of students 
The numbers in parenthesis, following the per 





cent, give the order of difficulty. 
TABLE 4. 


Mathematical Process 


Per Cent 
of Coll 
Students 
Correct 


Finding the value of F on plotted graph. Given C =(F—32)5 4( 1) 
Volume of sphere, given radius 10 ( 2) 
{rea of surface of sphere, given radius 17 ( 3) 
Simple fractions (mental arithmetic 19( 4 
Percentage (using decimals 22( 5 
Per cent error in area, given error in radius 24( 6 
Making line graph, given: C F—32)5/9 24( 6 
Value of Fin equation: 1/F =1/D—1/D' 24( 6 
Caleulating per cent error 37(7 
Making bar graph from figures given 39( 8 
Writing reciprocal of 2 41(9 
Inverse proportion 41(9 
Capacity of Cylinder 45 (10) 
Value of S in 8S =1/2Gt? 48 (11) 
Reciprocal of 6/9 48 (11) 


Simple division of decimals 

Diam. of cirele, given radius 

Percentage, double use in single problem 
Substituting for A in W VA, where A V/R 





52 (12) 
52 (12 
64 (13 
H9 (14 
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Simple subtraction 78 (15) 
Multiplication of two decimals 78 (15 
Removal of parenthesis and simplifying. 78 (15 
Changing common fraction to decimal 82 (16) 
Division of whole number by mixed number 85 (17 
Conversion of inches to centimeters, given Conversion values 85 (17 
Substituting given values in, \ \/2gs 91 (18 
95 (19 


Volume of a rectangular bod 

[t is a striking fact that not one of the twenty-eight problems 
was solved correctly by all of the forty-five pupils. 

For purposes of comparison of this Junior College group and 
the High School group, Table 5, shows the order of difficulty for 
the groups. The numbers refer to the problems. The arrange- 
ment is in the order of decreasing difficult, 


TABLE 5 
Junior Coll High Scho Junior Coll High Sehos 
3t léd 7 12 
l6d LG L6G! 13 
l6e le ? 3 
; 5 | 4 
~ | ‘ 
L¢ } | LO 
3 l 6 i6 
L5 i 14 2 
Lt s 12 l 
2 LS 16 19 
tI 19 20 
IS 2] 1] 1] 
21 } 20 17 
LO 5 17 ( 
} {4 


lhe horizontal line in the two columns indicates that all pro- 
blems above it were solved by fewer than 75°, of the students 
In the Junior College class. 


correctly by 75°, or less of the students. In the High School 
w A | 


class 649% of the problems were solved correctly by 75°% or less 


68°, of the problems were solved 


of the students. 
The problems which offer difficulty to both High School and 


College classes, and upon which there was less than 75% accom 


plishment are: 3b, 16d, I6ce, 9, 8, le, 3a, 15, lb, 4b, 18, 21, 4a 


l6b, 5, 13. 

Problems which 50%, or more of the High School students 
handled correctly, but not handled correctly by 50° of the 
J. C. students are: 3b, 3a, 2, 21, 10. 

Problems which 50% or more of the J. C. handled correctly, 
but which were done correctly by less than 50% of the High 
School students. 
he type of thing which ts of frequent 


It is of interest to note t! 
use In phvsies 1! whiel the classes used in this study show 
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weakness. These are listed in the order of their decreasing 
difficulty as shown by both J. C. and H. S. classes. The list 
includes only those which were solved correctly by less than 


75% of the two classes. 


16d Determining the volume of « sphere, given the radius 
l6e Determining the surface of a sphere, given the radius. 

le Determining the © error in two dimensions, given the © error 

in each 

15 Value of F in equation, 1/F =1/D—1/D 

Ss Per cent one decimal is of another 

iv) Simple fractions— Mental arithmetic type. 

Lb Per cent error, given correct and incorrect measurements 
tb Writing reciprocal of 2 

16b Area of circle, given the radius 

1S Inverse proportion 

ta Writing the reciprocal of 6/9 

3a Making line graph from relation, C =(F —32)5/9 
21 Capacity of cylinder, given diameter and height 

2 Making bar graph from given data. 

5 Percentage, double use in single problem 


r Division of one decimal by another 
1: 
l 


3 Substitution for A, in equation: W=VA, where A=V/R 
i temoving parenthesis and simplifying 

Putting aside such suggestions as to whether these are repre- 
sentative weakness or not, whether the given test is a valid test 
of mathematical abilities, and which of the processes is most 
important, the fact remains that for these groups, these are at 
least some of the things that must receive attention before 
facility and surety can be expected in those physics situations 
in which these processes are found. 

In this connection it is interesting to compare the results of a 
similar study made by Mr. Chas. J. Pieper in 1923, and applied 
to all science classes in the Univeristy High School. This study 
shows that the type of mathematical process most frequently giv- 
ing difficulty to the physics students of that year were, with two 
exceptions, the very ones identified in the study of which this 
paper deals. The order of difficulty moreover, was found to be 
practically the same. 

The type of mathematical process handled correctly by more 
than 75% of the Junior College group, arranged in the order or 
decreasing difficulty follows 
1) Subtraction of decimals 
2) Multiplication of decimals 
3) Changing common fractions to decimal form 
(4) Diameter of circle when radius is given. 

5) Reduction of inches to em., reduction factor is given 


6) Division of whole number by mixed number 
7) Capacity of rectangular box 


The correlation between this list and the same arrangement 
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for the high school group is high. The group in physics, tested 
in 1923 has the same order for the 75% or better score. 

The following table (Table 6) shows the relation between 
the number of years of mathematical study and the mathe- 
matical ability shown in the test. 

TABLE 6 
High School Student 


Years ol No ot Method () K Mleth W \ceurae\ 
Mathematies Students No. of Probs Per Cent No. Prob 


7 13 164 on 121 +> 
2.5 Z 27 1S 23 1] 
2 4 i833 57 276 i] 
j 7 126 64 100 »! 
Junior Coll. Student 
2 Is 213 42 174 if 
2 5 5 63 5 50 36 
3 1] ISO 60 159 50 
i 9 171 iS 15] 60 
£5 y Ti 66 33 »s 


While the number of cases is not sufficient for a valid con 
clusion, it would seem from the data, that it is probable that 
mathematical study has an effect in improving the situation 
It is hardly probable that mathematics teaching beyond the 
second year has contributed directly to the understandings 
needed in the solution of the problems of the test. What has 
happened is that mathematics has been met in more situations 
and a facility of thought and manipulation has resulted. In 
just this Wav may we expect physics to lmprove the mathe- 
matical situation if properly managed. This is probably the 
first place in the high school life of the pupil that the functional 


use of mathematics has come into full play. Small wonder is 
it then that the student “learns more mathematics in physics 
than in a his mathematics courses.’ 

It will be noted from the above tablk that the degree of 


accuracy seems to increase with the years Of mathematical 
study. The case of the two students coming with more tha 
four years of training should be disregarded, as one of them 
has since been identified as an extremely careless and unreliable 
student. 

The physics teacher’s job is to give opportunity and abundant 
opportunity for the assimilation of the mathematical processes 


{ 


which are apparently onlv in the process of assimilation 
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so many of the cases in the mathematics courses. ‘The teacher 
who neglects this opportunity, or who refuses to ‘do the mathe- 
matics teacher’s job for him,”’ is failing not only as a teacher, 
but he is failing to strike at the very core of the matter of the 
unpopularity of his subject. 

If we are correct in assuming that the High School pupils 
tested have been taught under a technique appropriate to the 
science type, and with a very few exceptions this is true, and 
if we may assume that the students of the Junior College group 
have not been so taught, the results of teaching under mastery 
technique are disappointing. (See Table 1). The two groups 
show the same per cent of correct answers in method. This 
would seem to indicate the same degree of understanding. The 
College group makes a slightly better showing when both 
method and accuracy are taken into account, as the per cent 
of accuracy is a bit higher with this group. 

It may be unfair to compare these two groups in this way. 
The age of the college students is greater and consequently 
their mathematical experience is presumably more mature. 
Again it must be remembered that a college group.such as this, 
probably represents the best of the scholarship product of the 
several schools represented. Many of these give evidence of 
being “lesson learners’ and are probably notable examples 
of the transfer type. On the other hand, it must not be for- 
gotten that the college student is farther away from the teach- 
ing of these principles and has had more chance to become 
rusty. 

It seems from a consideration of the data, that we may safely 
draw the following conclusions from the study: 

(1) Pupils come to physics with very marked inabilities to 
handle the mathematics of physics. 

(2) The type of. inability seems to be fairly uniform in 
both High School and Junior College classes. 

(3) The type of inability can be pre-determined, by adequate 
testing, for both the individual and the group. 

(4) There is probably a close correlation between mathe- 
matical ability and the number of courses in mathematics 
covered. 

(5) There does not seem to be any basis, in so far as these 
data show, for assuming that any one type of teaching technique 
produces a superior type of ability. 

(6) The duty of the physics teacher is clear. (1) Identifica- 
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tion of the mathematical difficulties. (2) Re-teach until he 
is sure of assimilation of the mathematics involved before 
attempting to give the physics using these principles. (3) Being 
sure of the mathematical ability, the science teacher’s real 
opportunity to teach his subject is in teaching the physics 
in the problematic situation. It is well to remark that it re- 
quires a very special ability to apply science in the problematic 
situation even after the mathematical process is sure 

(7) The bad reputation that physics and the physical sciences 
has as being difficult, may be materially modified by giving 
attention to the root of the real trouble. 

&) Experience teaches that the instructor can meet the 
situation with very little effort. A bit of propaganda on the 
idea of mastery, a clear picture of the mathematical condition 
of the student with respect to that which the course requires 
exhibited to the individual student, will convince him of his 
limitations and usually get from him a very favorable re- 
sponse. The writer feels that he has been at least fairly 
successful in making problem solving in physics a pleasure 
for the student, rather than the usual dreaded procedure 
He feels sure that he has changed the attitude toward 
the subject in no small degree and has reduced the number 
of fatalities traceable to this cause by avery marked percentage 


SOME COMPARISONS OF BIOLOGICAL SCIENCE TEACHING 
IN THE SECONDARY SCHOOLS OF ILLINOIS AND 
THE UNITED STATES AS A WHOLE. 


By Grorce W. HunTER 
Knox College, Galesburg, Ill. 

In the October, 1923, issue of this Journal there was published 
the findings of a committee making a report on a one year 
fundamental course in biological science These fundamentals 
98 topics, were sent out to the high schools of the state with a 
request that they indicate the topics on which they place 
emphasis in their courses in general science, biology, botany 
zoology, physiology and agriculture. 

This questionnaire was answered by 115schools anda tabulation 
of these answers was given in the report of 1923. It appeared 
that a very large number of the fundamental topics cited by the 
committee were made use of in the various schools. 84 topics 
out of the 98 given were used by 90% of the schools and only 3 


topics given were not used by more than 33% of the schools 
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In this article | wish to make certain comparisons obtained 
from the reports given by schools last year compared with the 
results of a questionnaire recently put out to typical high schools 
in all parts of the United States. 

A thousand copies of this questionnaire were sent out to 
representative high schools practically all in cities of over 10,000 
inhabitants. Five hundred of these schools were taken from a 
similar list to which I sent a questionnaire in 1908. The findings 
of this original report appeared in “School Science and Mathe- 
matics” in Vol. 10, 1910 under the title of ““The Methods, Content 
and Purpose of Biological Science in the Secondary Schools of 
the United States.”’ Nearly 400 replies were received from the 
second questionnaire, and these answers, which represent a 
cross-section of teaching conditions in the better type of high 
school in the United States, show the following points rather 
definitely :' 

First. In comparing a group of schools with a like group 
fifteen years ago it was found that there are actually more 
courses Offered in sciences than fifteen years ago. About 10% 
more as a matter of fact. Book courses have decreased, while 
hours devoted to laboratory science have increased. 

Second. The number of students taking science has relatively 
greatly increased 

Third. That, according to statements made by teachers, there 
is much greater interest in science on the part of students. Some 
typical reasons for this increase in interest are as follows 

West Division High School, Milwaukee, Wis. 

‘General Science arouses interest in science, teachers elementary 
principles. 

2—Zoology and Botany given at an age when living things appeal 

>—Chemistr more abstract. In my opinion Chemistry should 

i—Physies follow Physies, because much of it depends upon an 
understanding of Physies.”’ 

Humboldt High School, St. Paul, Minn.: 

“General Science will awaken interest in any or all other seiences 
result in intelligent selection. Biology is a good prerequisite for home 
economics and also for chemistry.” 

St. Cloud High School, St. Cloud, Minn 

‘Hygiene, so many students drop out in Sth grade; general science and 
yveneral biology to arouse interest and develop interest. Physies come: 
closer to math. which students had first two vears.’ 

Phillips High School, Birmingham, Ala.: 

Rp a. are naturally more interested in the phase of science which is 
most closely related to their everyday. lives( General Science), and living 
things (Biology), and in case pupils do not continue on through the whole 
four years, General Seience and Biology furnish the most useful knowle 
edge.”’ , 

Oshkosh High, Oshkosh, Wisconsin 


The findings from t} jestionnair ppear in the Mayand June numbers of the Schou 
view 
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‘The teachers of chemistry and physics say they believe the students 
gain considerable from the earlier sciences both in subject matter and 
laboratory technique. They are sure biology is a great help.”’ 

Mt. Vernon High, Mr. Vernon, N. Y.: 

“They gain a desire for more science work. They learn how to handk 
simple apparatus. They experience the joy of finding things out for 
themselves so that many look forward to a later science course. They 
learn how to write out an experiment in good form. They learn how to 
keep a notebook and value it as a means of study. It is diffieult to tell 
just how much this counts later on but 1 think it must have its effect’ 


Fourth. More students are interested to take advanced science 
in the latter years of high school because of the interest aroused 
in general science or biology. 

Fifth. There is a better correlation. in courses of high school 
science. There is more coéperation on the part of different 
department heads who work out courses and who work out 
sequences in courses, irrespective of the attempted domination 
of college or university. There is a distinct tendency in some 
parts of the country to correlate social science with general 
science or with biology A few quotations follow which show 
what progressive teachers in different parts of the United 
States have to say on this subject: 

Pasadena High School, Pasadens, Calif. 

‘The reasons are very well stated in the N. E. A. Committee report 
The General Science has been taken by many heretofore but not required 
as the Junior High was organized in only one district. Hereafter it will be 
broadened to include citizenship and will be ealled Civie Science.’ 

LaSalle-Peru Twp. High, Peru, III. 

“Botany and Zoology have been combined into Biology. Course in 


General Science has made the relations of other sciences clear. Course 
ie need of the other sciences. The teachers 


in agriculture has shown 
also co-operate more.” —— 

MeKinley High, St. Louis Mo 

‘‘More closely united. But only in the respect that in all seiences the 
unifying element is now more the ‘pupil’s interest’ rather than the unity 
of the science itself.’ 

Canaan Twp. High, Creaton, Ohio: 

‘Yes, more closely related. The continuity of nature is emphasized to 
a greater degree in recent text books. Also a good modern teacher will 
emphasize this feature.” 

Springtield Twp. Centralized, Ellet, Ohio.: 

“Science courses in general are now closer related because of the present 
educational trend to interrelate all subjects of the curriculum as much as 
possible.” 

Ballard High, Seattle, Wash 

‘‘We emphasize sequence. There is a closer interest and cooperation 
between the science teachers than formerly. The science teacher more 
than formerly sees good in the other science instructors’ subjects.”’ 

Riverside High School, Milwaukee: 

“The sciences have more unity. There is less of the separate science 
and more of science as a whole. I believe there is more interest taken in 
science. Students are realizing that science is essential to a well rounded 
education. The more science of all kinds, the better is he or she able to 
successfully teach.”’ 

Central High School, Cape Girardeau, Mo: 9 
‘T am eonvineced that the social and economic values of sciences are 
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often lost sight of. We make biology as nearly a social science as we can 
The other three do not lend themselves so readilv, but we give social 
values emphasis.” 

Santa Cruz High, Cal 

“The changes that have taken place in the biological subjects have been 
only those relating to the selection of subjects of most value to the pupils 
regardless as to whether they are to go to college or not. The fundamental 
idea underlying the selection has not changed. There has been a constantly 
increasing interest in these subjects. Seven years ago there was but one 
class each in biology and hygiene, now there are fourteen classes. No 
complaint has ever come from the state or other university, though the 
work has never been planned with reference to other requirements.’ 

East Technical High, Cleveland, Ohio: 

“In the main our courses are shaped to meet the personal and futur: 
needs of students rather than the demands of college entrance.” 


Sixth. A definite sequence in science is being established. This 
is clearly seen in the accompanying diagram. 

In the teaching of biological subject matter changes are 
also occurring. There is, at the present time, a definite change in 
weighing of emphasis on fundamental topics. This question was 
asked of the schools both in 1908 and in 1923. “On what phases 
of biological subject matter do you place the most emphasis 
morphology, physiology, natural history, taxonomy, ecology, 


» 


relations to man, human biology? Why? A glance at the ac- 
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companying diagram shows that there is a growing tendency 
to utilize subject matter most worth while from the standpoint 
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of the student. The “psychological’’ approach instead of the 
“seientifical”’ approach is evident. Less emphasis on morphology 
or physiology as such; more emphasis on the applications of 
biology as such and particularly more emphasis on health teach- 
ing appears to be the key note of work in elementary biology 
today. 

Another question was asked which was intended to discover 
the methods in teaching. It read: “‘Should a course in elementary 
biology in the high school place more emphasis on training in 
science method or should the utility or informational values be 
given first place?’’ In this comparison there is seen a change 
from the methodology of 1908. There now is less emphasis on 
the formal ‘“‘method of science” as such. There is more effort on 
the part of teachers to make use of children’s interests and in- 
stincts. The notable net result is better teaching. 
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Jn comparing certain obtained results from this questionnaire 
with figures obtained from the questionnaire sent out tothe Illinois 


teachers of biology, certain rather striking tendencies are shown. 
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Using the 115 schools as a basis of comparison with 386 selected 
schools from all parts of the United States, we note, first, that in 
1923 Illinois was apparently teaching proportionately fewer courses 
of general science than is the United States as a whole. Second, 
that there were proportionately fewer courses of biologic science 
taught in Illinois than in the United States as whole; that there 
were proportionately a greater number of separate courses in 
botany, zoology, and hun.an physiology in Illinois than in the 
United States as whole. 

Why is this? If we turn to the report ol the committee 
on fundamentals we see that 84 topics out of the 2» were made use 
of by 90°, of the schools. These topi s are not restricted to any 
one subject but are often touched on in the same school in 
general science, biology, botany, zoology Ol physiology. If we 
analyze these 98 topics from a standpoint of topics in courses of 
biology, botany, zoology and physiology we see that the y may 
be grouped as follows: 46 biological; 13 botanical; 8 zoological 
and 32 physiological. If we take the topics selected by over 90% 
of the high schools we find that there are 28 biological; 10 botanical: 
3 zoological and 17 physiological. You remember that in 115 


schools 35 offer biology: 73 botany; 66 zoology; 53 physiology 


and 53 general science \ comparison of the two graphs shows 
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that the greatest number of topics taken are really biological 
and physiological although in terms of courses the state pro- 
fesses to teach more botany and zoology than biology and physiol- 
ogy as such. It is interesting then to inquire why Illinois’ 
teachers select as fundamentals a very large percentage of topics 














COMPARISON OF BIOLOGICAL TEACHING S51! 


in general biology and physiology but on the other hand teach 
proportionately more courses in botany and zoology. Let us 
attempt to analyze this apparent inconsistency. 

There are several factors at work here. First is the training of 
teachers. The University of Illinois and the University of Chi- 
cago represent two of our more conservative types of institutions 
considered from the standpoint of the teaching of biological 
science. In neither institution is there organic interrelationship 
between the departments of botany, zoology and physiology. As 
a former graduate student in one institution and a teacher sending 
graduate students to the other I can personally testify to this. 
I remember when I started my teaching at the Hyde Park High 
School twenty odd years ago that I was hired to teach zoology 
and I would have felt aggrieved had I been asked to teach any 
other subject in the school curriculum. My training would not 
have enabled me to do it. The University of Chicago prided itself 
on thoroughness in one line of work in one department. As a 
research student working for my doctorate I was training along 
certain lines only. Today at the University of Illinois students 
working for a higher degree specialize to an almost unbelievable 
degree. A Ph. D. from some of our universities today are allowed 
to major in one department and then take minors in other 
branches of the department. This results in a disproportionate 
view of a given branch of science that is deplorable from the 
standpoint of the secondary school teacher. Unfortunately 
most doctors of philosophy are research men and are teachers 
only by courtesy. The research mind and that of the teacher 
do not often go together. 

The difficulty in this water-tight scheme becomes most evident 
when the secondary school teacher starts his or her teaching after 
such training in the university. He does not know the good 
points of the other departments and hence is not able to co-oper- 
ate properly with other departments when he becomes a second- 
ary school teacher. At the university he is not shown how to 
make use of the research work of the psychologist, the educator 
and the clinic. In his attempt to become acquainted with the 
facts and method of pure science he loses sight of the goal, his 
own preadolescent students. But the real teachers must make 
use of all these by-products of the laboratory if they are to be- 
come of real service in the secondary school. And in this respect 
the graduate schools of pure science in a university fail to train a 
teacher for secondary work. 
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But to come back to our findings. The indication seems to be 
that whereas teachers are putting their emphasis on teaching 
biological and physiological topics they are as a matter of fact 
giving courses in botany and zoology. These courses are pro- 
portionately greater in number than we find in other parts of the 
United States thus indicating a breaking away from the regular 
sequence, May it not be a combination of the training they have 
received in a university together with a possible artificial pres- 
sure on the part of the university toward courses in botany 
and zoology? This second factor may be noticed in a glance at 
the present high school manual giving standards and general re- 
commendation for accredited schools. The manual of June, 1922. 
indicates that botany and zoology are acceptable units; it devotes 
three and a half pages to a botany syllabus, three pages to a 
physiology syllabus, and three pages to a zoology syllabus but 
gives three lines to the statement that, ‘“‘For a good course in 
general biology conducted as a laboratory science for not less 
than 36 weeks, one unit of credit is allowed This work may be 
offered as a half year each, of botany and zoology.” Knowing 
secondary school teachers as I do (having been one myself for 
over twenty vears) I can see that the young teacher with no 
definite guide for a course in biology but a very definite outline in 
the other courses would naturally tend to give such courses as 
directions were given for. And when we remember that the an- 
nual turn over in the high school is very great, amounting in 
many schools to from one-fourth to one-third of the total cor ps of 
teachers in a given school, we can see there is very definite 
pressure brought to bear upon the young teacher to give a course 
in botany or ZOO OZ) rathet than a course In biologic principles 
for which he or she has no directions 

A third factor is what seems to me a discrimination on the 
part of the University of Illinois against schools which give courses 
in biology rather than courses in botany or zoology. The high 
school manual just referred to on pages four and seven details 
a list of units acceptable for admission to the undergraduate 
colleges of the University. The 15 units contain 6 units of pre- 
scription which read as follows 


List A 
English (composition and literature } units 
Algebra 1 unit 
Plane geometry 1 unit 
Physics, or chemistry, or botany, or zoology, or physiology, or 
physiography, or general science, with laboratory work 1 unit 


Total © unite 
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The additional 9 units are taken from lists B. & C. and in neith- 
er of these lists does the term ‘“‘biology” or “elementary biology”’ 
appear. 

Again speaking as a secondary school teacher—not as a col- 
lege man—I can testify that I know of many principals and sup- 
erintendents not much interested in science or not knowing 
the changes occurring in modern biological teaching, who would 
not allow a progressive teacher to introduce a course in princi- 
ples in biology because the course was not allowed as an entrance 
unit for the University of Illinois. For as I understand the 
present situation, biology is relegated to the limbo of list C 
along with music, drawing, domestic science and manual 
training—an obvious insult to a course in pure science. 

Is there any cure of this existing situation? It does not lie in 
the reports of committees. Better men than I have been at work 
in the state forthe past twenty years and their efforts in the form 
of reports and syllabi lie buried in annual conference or meeting 
proceedings. No, the progress will not come through committee 
reports. But how will it come? 

Firstly. Progress will come only through the establishment 
of schools of education with practice laboratories in which 
educational experiments may be tried out. Furthermore, the 
schools of the state must themselves be able to try out these 
experiments. The worst thing for a state system of education is a 
static, unbending system in which no allowance is made fon 
individual conditions or environment or school life. There is 
much need for us to know what is best to teach in science to 
preadolescent and adolescent. We are prone as teachers to be 
static, not dynatic; to fear a change, not seek a change. This 
great state of Illinois should lead in opportunities for teachers to 
learn how to teach rather than to show them what to teach. 
The children with whom they are associated, the environment 
in which they live, the conditions which are existing are the 
factors which answer these questions—what to teach in science. 

Secondly, changes may be brought about through the awaken- 
ing of the teachers in public high schools that they are servants 
in a democracy to the people of that democracy. And as such 
they are responsible to the tax payers, the common people in 
that democracy. When the public high school finds itself and 
resolves to teach to its children the material of most worth to 

them as future citizens and homemakers, then the problem of 
how to teach and what to teach will be solved to the lasting good 


of those for whom the schools are built the children of our state 
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THE TREND OF GENERAL SCIENCE. 
By BeNncamMIn C. GRUENBERG, 

Vanaging Director, American Association for Medical Progress; 
formerly head of Science Department, Julia Richman High 
School. New York: head of Biology De partment, Commercial 
High School, Brookly \ vi 

and 
FRANK M. WHeEa1 
Chairman Biology Department, George Washington High School 
Vew York: and Instructor of Biology, Neu 
York University. New York City 

Most people want something fixed and enduring to cling to 
as a basis and guide in the difficult situations of life. But since 
the teachings of science have for a long time implied that 
nothing whatever endures except change, it may not be un- 
reasonable to hope that in increasing numbers the teachers 
of science will come to accept a moving equilibrium as a satis- 
factory basis for adjustment and guidance. At any rate, the 
teaching of science is itself in a changing state that defies rigid 
definition and demands rather nimble stepping on the part of 
the teacher. A questionary study just completed shows hardly 
more than this: General Science is in process of change 

The questionary was sent out shortly after the winter holi- 

days (1923-24) to two-hundred teachers in various parts of the 
country. Eleven papers were returned by the _ post-office 
There were received 104 replies, of which a number came from 
schools that do not offer courses in General Science; some from 
teachers who were no longer teaching the subject but who 
kindly volunteered to answer certain questions on the basis 
of previous experience and observations; two sets of replies 
referred to normal schools; a tew referred to groups of three 
or more schools under the same supervision; and, the replies 
for certain of the questions were omitted in many cases. As a 
result of these irregularities, the number of replies was not the 
same for each question; and a statistical analysis would hardly 
be warranted because of the small numbers involved. We are 
nevertheless warranted in drawing certain conclusions regard- 
ing some fairly well marked tendencies. 

The questions were divided into five groups, as follows 

4 On the status of science in the school 
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TREND OF GENERAL SCIENCE 
(*’ On methods 
D On text books 
E On _ illustrations 
The returns are presented and discussed below in the se- 
quence of the questions. 
Group A. ON THE STATUS OF SCIENCE IN THE SCHOOL 
1. In what grade(s) is General Science taught in your school? 
Of 79 replies to this question 49 are from schools that offe: 
G. S. in the ninth grade only; 6 from schools that offer it in 
the eighth grade only; and one from a school that offers it in 
the tenth grade only. The rest (23) carry “general science”’ 
through two or more grades 


The D { thution on Cre neral Ncrenes by (srade S 


(iRADES NUMBER OF SCHOOLS 
10 only ' i 
9 only i) 
s only 6 
9 and 10 2 
S$ and 9 Ss 
7,8 and 9 i 6 
7 and Ss [3 
6, 7 and Ss 3 
ee | 
No ANnSWe!I 5 
84 


We get the impression that the preponderance of 9th grade 
General Science corresponds to a tendency to adopt the general 
plan recommended by the N. E. A. Committee on the Reorgan- 
ization of Science in Secondary Schools (U.S. Bureau of Educa- 
tion, Bulletin 1920, No. 26). At the same time there is a grow- 
ing demand for more serious organization of the nature and 
science material in the lower grades; and a tendency to develop 
“science’’ as a continuing element of instruction, parallel with 
language, mathematics and social studies. 


2 / G.S cau ed oO optional 


Of ninety schools (or school systems) four failed to reply, 
or otherwise to indicate the status of the subject. General 
Science is required in over 54 per cent (47 replies) and optional 
in the rest (39). The total (90) includes a few cases in which 


1Replies covering school groups or systems have been treated as single units comparable to 
single schools in other systems 


4 supervisor of junior high schools in a state department of education, after a study of the 
ourric ilum in grades five t nine ol fourteen municipal systems, recommends that the genera! 
cience of the ninth year shall be preceded by two periods at least of elementary science 
the seventh and eighth years n the hope tl ene It t ' le ! t the 
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a school requires G. 8. of pupils in some courses (e. g., ‘‘tech- 
nical,”’ “commercial,”’ “general’’) and leaves it optional for the 
pupils in other courses (e. g., “technical,” “general,’”’ ‘“‘com- 
mercial’). In some schools that spread ‘“‘general science’ 
over two or more grades below the ninth, the work is optional 
in the ninth grade but required below. Where G. 8. is an Op- 
tional subject, nearly every high school subject appears some- 
where as an alternative, although in any given school the choice 
is likely to be limited 


The Ranqe of Alternatives to General Science 


ALTERNATIVE SUBJ£CTS NUMBER OF SCHOOLS THAT 

THAT PUPILS MAY CHOOS! OFFER ALTERNATIVI 

AS AGAINST GENERAL SCIENC! OPTIONS 
Biology Pa) 
Botany l 
Zoology I 
Physiolog) . l 
Chemistry l 
Physics l 
Physiography or Phys. Geog 2 
Civies (or Histor IS 
History specified I 
Foreign Languagt 25 

Latin specified ] 
Mathematies L3 
Art lb 
Mechani¢al Drawing ] 
Shop work 20 
Manual Training specified l 

Dome atic Science 20 
Commercial Subject: 19 


Three replies state that General Science is optional, but do 
not indicate what the alternative options are. 

In order to discover, if possible, how strongly General Science, 
as an optional subject, appealed to the pupils, the following 
question (Number 3) was asked; but the replies are not satis- 
factory because some teachers misunderstood the question, 
and others failed to obtain the necessary facts for significant 


completion 


Sa Hou many pups are f nrolle ad fi (ré /ié ral Seve rice this 
term? Boys Girls 

3b. Hou many pupils it any selected othe alternatives 
Boys * Ga 


In the 47 schools (or school systems) that require General 
Science, there were enrolled (spring semester, 1924) 4,071 boys 
and 4,183 girls in science classes. Among the other schools, 
1,672 boys elected science as against 895 boys who selected 
other options. In addition, 1,780 boys are reported as enrolled 
in G, 8. elasses in schools that offer the subject as an option, 
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with no indication as to the number of boys who selected alter- 
native options. 

Among these same schools, eighteen report a total of 1,691 
girls enrolled in (optional) G. 8. classes, as against 728 girls who 
selected other subjects; and in addition 19 schools report 1,278 
girls enrolled in (optional) G. S. classes, without indicating the 
enrollment in alternative subjects. 

Enrollments in General Science and in Alternative Options 


SUBJECTS TOTALS Boys GIRLS 
Gen. Sci., Required 8,254 1071 4.183 
Gen. Sei., Optional 6.421 3,452 2? 969 
Of these, in schools not 
reporting alternatin« 
enrollments O58 1.780 1.278 
in schools reporting 
alternative enrollments 3.363 1.672 1.691 
In alternative subjects 1.523 RO5 728 


It is obviously unfair to interpret these figures at their face 
value. While it is true that the ratio of “required” to “optional’’ 
is almost the same for the enrollments as it is for the schools 
56°> required enrollment; 54.50) required schools); and while 
the ratio for the two sexes is substantially the same, it is diffi- 
cult to believe that twice as many pupils chose science as elected 
all the other options combined, especially when we conside 
the wide range of alternative subjects. It is more likely that 
school records generally do not permit the ready segregation 
of data in the form req 


ured for the answer of this question 
How manu periods. (of min. yer week are devoted 
j / 


; 


; 


i (rene al iN ence 


2 » | ») th ‘ bet 


This question was asked on the assumption that ‘“‘General 
Science’? would be interpreted by those who were to make the 
replies as a single high school or Junior high school unit falling 
In a particular year or grade; and that it could therefore be 
answered very simply by inserting the number of minutes in 
between oO; and min.) and by checking in the 


the first space 
Because, ap- 


space corresponding to the number of periods. 
parently, the subject is distributed over several grades, a num- 
ber of teachers took the block of squares with the figures to 
eall for location of various number of periods by grades. After 


considerable study of the replies however. it was possible to 
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group deal with the selection of topics. The questions are 
stated in their entirety, and the answers summarized in the 
following table. 

1 How far is the choice of subject matter in the teaching of Gen 
Sei. in your school determined by a syllabus? 

2 How far does a prospective examination influence selection of topies? 

3 How far does the choice of topics depend upon the contents of the 
textbook used? 

t How far is the choice of topics influenced by local conditions? 

5 To what extent is the choice of topies influenced by matters of 
current or temporal interest? 

6 To what extent is the selection of topies determined by the teacher's 
own interest? 

7 To what extent 1s t he selection of topics dets rminge ad by the interest 
the pupils’ 

Under the first three questions space was provided for check- 
ing four degrees of control: Entirely; Much; Little; Not at all 
Under the last four questions, the rubric “Entirely”’ was omitted. 
However, no reply conceded to any one of the three controls 
entire determination in choice of topics, so that all replies can 
he presented under three degrees 
Extent to Which Various Considerations Influence Choice of 


Topics in Gene ral Scie nce. 


Mucu LirtLe Nov aT AL! TOTAL 

REPLIES* 
Sy abus 24 Ls 1 82 
Examination 13 10 57 80 
Textbook Ss 0) 10 78 
Local conditu 22 6 5 63 
Current interes 32 1} S 83 
Teacher's interes 19 56 14 so 
Pupil’s interest 52 22 l 75 


The most striking features of the summary seem to be the 
following 

J. Seventy-one per cent of the schools seem to be unin- 
fluenced by a prospective examination in selecting material 
of instruction in science. This leaves the teachers considerable 
freedom, in which the most prominent external restraint seems 
to be a “syllabus” which is more dr less influential in seme 45°, 
of the schools. However, in a large proportion of cases the 
syllabus itself is the creation of the teachers, so that the res- 
traint here is probably not serious 

2. That the textbook plays a promment role in determining 
the content of instruction appears from the fact that only 13% 
of the schools (10 out of 78) claim to disregard the textbook 
entirely in determining what they are to teach.° 


‘The last column in th« table (Total replies) is of no significance, except to show the 
stent to which certai t 4 were not answered at all; and it may serve as a basis fo 
onverting the other figur ito percentages 

\ state supervisor writ We feel very keenly that the course tudy should be mack 

to fit the needs of the ‘ ‘ ~~ we are rent riets 
eathoanika in the atat 
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syllabus prepared by a committee of teachers controls the 
selection of material (and it must be said that it is a very good 
syllabus) ; that none of the other factors are considered at all. 
except the teacher’s interest, which is credited with the entzré 
responsibility for the choice of subject matter; whereas the 
pupils’ interests are ignored—because the “whole field is cov- 
ered.’ Presumably, therefore, the teachers’ interests are 
sufficiently universal to include the whole field, and they coincide 
sufficiently with the syllabus on the one hand and the pupils’ 
interests on the other to meet all reasonable requirements! 

S To what extent is Gen. Sci. as taught in your school corre- 
ated with othe . tbjects? 

Space was provided for checking under ‘‘Much,” “Little” and 
‘No” for ten different subjects, and blank spaces for two addi- 
tional subjects There was also included a request for any 
material illustrating methods of correlation; one reply stated 
that such material was enclosed but it had not been included, 
and a request to the teacher for this material has not been 
answered In a few cases some indication was given by com- 
ments, which are reproduced below. 

Nineteen replies claimed no correlation whatever, although 
not without qualification . Sixty-one schools reported as 
practising correlation between General Science and from one 
to eight other sul iT cts, to a greater or less extent 
Vumbe OJ schoo n which General Science s correlated with 


each of se veral subjects to the extent indicated 


ToTtaL Mucw ANpb 


SUBJECTS Mucu LITTui Not AT ALI LITTLI} 

Mathematics b 0 Y 36 

English, Oral 24 \7 4] 

English, Writts 17 ae 2 39 

Civies 24 22 6 46 

History 9 iS 14 27 

Shop (Manual Training) 21 24 7 15 

Art 6 LS 1Y 24 

Dom« stic Science 20 16 6 12 

Commercial Subject ; » 22 1] 

Vocational Subject Is t) I*} 24 

Botany | 

Zoology l 

Advanced Sciencs 

Hygiene l 

Phy sical Educatio1 

Physical Geograph 

We pay attention to Englis n written and oral reports Cannot help being an English 
teacher Not conse : Very little conscious or purposeful correlation.” Not 
much.’ Very littl not been thoroughly worked out.”’ I am afraid that I 
cannot answer by estimat I ha n mind numerous correlations but it would require much 


time and space to e1 
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Geography 
Agriculture 
Vocational Guidance | 


Some of the comments or explanations regarding correlation 
may help to interpret the meaning of these replies, and all are 
given in full: 

‘We give our seience papers to English teachers to correct for 
Knglish; we have science talks by people before the whole schooi 
onee a week; Radio Club; Chemistry Club.”’ “Only general with 
these subjeets, but is correlated with other sciences.”” “A 300 or 
100 word paper on the school heating plant or something similar 
is written and corrected for Physies and then independently by the 
scholars’ English teache Results good.” “City water supply” 
under Civies). 

\pparently teachers approve the principle of correlation 
even though there is no clear agreement as to just what it means, 
as to what it is for, or as to how it works. Indeed, one may 
well doubt whether the question itself is a legitimate one to ask 
in this connection. It is obvious that the specialization of subject 
matter among teachers has led to a serious mental condition 
too often what is learned consists of a mass of unrelated and 
unassimilated facts or generalizations that never become unified 
in any dynamic influence upon the life of the high school gradu- 
ate. Not only are the subjects unrelated to each other, as 
presented by teachers intent upon their respective specialties, 
but certain of the more general objectives of the school fail of 
accomplishment because they: are left to specialists instead of 
being treated by all the teachers. This is illustrated by the 
fact that two thirds of the schools consider the objectives of 
‘English’ and of ‘“‘Civics’’ sufficiently general to demand some 
attention from the Science teachers. [ven if we consider these 
reports as expressing no more than wishes and opinions as to 
what is desirable and feasible, they may be significant. They 
point at least to (1) the feeling among teachers that there 1 
some need for more effective integration of the pupil's ntellectual 
experiences, and to (2) their belief that General Science touches 
closely upon many phases of life and thought. 

Just what correlation means to most of us can hardly be 
extracted from the replies. It is probably in most cases a verbal 
linking of facts and principles discussed under “General Science” 
with applications and illustrations found in other subjects of the 
curriculum. In the case of mathematics it may mean merely 
the use of a few or many quantitative problems arising out of 
the science material. In the case of history it may mean both 
the historical development of important scientific ideas and an 
indication of the effects of human knowledge upon institutions 
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and ways of living. In the case of manual and domestic arts, if 
probably means chiefly practical applications of principles with 
occasional illustrations of others. But would the English 
teacher’s occasional use of a reading excerpt from an historical 
or a scientific writer be considered a case of correlating English 
with history or science? When it comes to the commercial 
subjects the matter is still less clear; and with the additional 
subjects listed but once or a very few times one is often puzzled. 
For example, what does a teacher mean when he says that he 
correlates General Science of the 9th grade with ‘Advanced 
Sciences’’—which, if taken by the same pupils, are studied two 
or three years later? Or what is the meaning of “Botany” and 


» 


‘Zoology”’ on the list? Probably in these cases also there is a 
verbal linkage with something that may be clear enough in the 
mind of the teacher, but hardly more than a vague repetition 
in that of the pupil. Nevertheless, there can be no doubt that 
there is in these replies a genuine feeling as to what ought to be 
done; methods and principles of procedure are still to be worked 
out. Indeed, it is conceivable that what is needed is chiefly 
an equipment and a point of view on the part of the teacher, 
rather than a precisely formulated technique of procedure. 

9a Assuming that scientific method and ideals are to be a con- 
scious part of teaching objective, should they be made an explicit 
part of the teaching process; or do you expect to emerge incidentally 
from the materials of instruction; or from the methods followed? 

Kighty seven re plies were received to this question, distributed 


is follows: 


Explicit 2 
Ineidental 24 
Method 31 


This reply can best be considered in connection with the 
returns to 9b, which in effect brings out some of the objectives 
of General Science teaching 

9b. Should General Science confine itself lo mparting know- 
ledge about scientifically determined fucts and principles; or do 
jou conside f essential that General Science atte mpt to inculcate 
so-called scientific methods of thinking and working, or scientific 
deals S. . Was Objectii ly, Accu “acy, Suspe nsion of judgment, 
Reliance upon ( fiable facts, etc.)7 

The 86 replies to this question gave 14 for knowledge (only) ; 
and 72 for scientific attitudes and ideals. The great preponder- 
ance of votes in favor of a conscious purpose to inculcate scien- 
tific habits of mind is important when compared with the judg- 
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ments on method (9a We might have supposed that some of 
those whose opinions are recorded as opposed to the explicit 
teaching of scientific ideals might consider such ideals a sub- 
ordinate or negligable objective. That apparently is not the 
case, since only fourteen expressed themselves in favor of con- 
fining instruction to knowledge aims, whereas nearly twice as 


many 24) expect ideals to emerge incidentally, and more than 


twice as nanny 31 expect them to come from the methods ol 


; 


instruction, laboratory, ete 

That the two parts of 9b are not mutually exclusive is of 
course obvious, and was mentioned by three or four of the 
teachers sending replies: vet several were confused by the form 
of the question, assuming apparently that the second part 
precluded knowledge aims entirely, and these called attention 
to the fact that we can develop ideals and attitudes } clence 
only on a iostrat knowledge It is interesting to note 
further that all comments indicating a strong feeling were in 
flavor ol emphasis upon scientific ideals and attitudes.’ \t the 
same time, it should be noted that in some cases (4) the teachers 
feel the limited possibilities in this direction—lack of laboratory 
work, immaturity of the pupils, bad mental habits from previous 
training being indicated. There is also some indication that 
the latter part of 9b implies some sort of reconciliation with the 
doctrine of ‘‘general discipline,”’ (which was of course not 


intended) for some those who replied favorably 


\ comment on the two parts ol &Y that probably expresses 
the views of many of those who replied is the following “Too 
much formalit, should be avoided in General Science Scien- 
tific accuracy and completeness should not damage enthusiasm 
In general, the methods of chemistry and physics are not best 
for General Science. The writer apparently has in mind the 


use of mathematics as sometimes overdone in the teaching ol 


chemistry and physi ‘I think the main purpose is to create 
enthusiasm for science, and a power of observation as to the 
scientific principles of everyday things The experimental 


work should give much training in resourcefulness.’ 
Most interesting to the writers is the result of this question 


is throwing some light on a certain defect in the questionnaire 


rhe latter of course Emy tically the latter Decidedly By all means.”” One 
teacher writes No one seems t ed g what I believe we shall be do gm ten or hiteen years 
irom now, that 1s, giving ncret naterial of interest to the children and yet giving it in such 
a way that the great ge f ‘ ire made perfectly familiar He ex- 
plains further that he would not irden the pupil with generalizations to be remembered but 
have him study the particulars so that the 1 1 passes i ely t he g zations 
The greatest tor r ( rai Ss 
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method. One is tempted sometimes to suspect that any desired 
general opinion may be obtained from a given group of sub- 
jects, if only the questions are suitably framed to that end. 
In contrast to the present results, it is instructive to consider 
three earlier studies that sought the judgment of teachers as 
to the aims of General Science.? Watkins found that “training 
in scientific method” stood fourth in rank; Howe, that it stood 
a very poor third; and Miller (Illinois), Roecker (Wisconsin), 
and Worun (Michigan) had this aim mentioned among the 
miscellaneous minor aims. In the summary of four surveys 
(not counting his own) and including 353 replies, Watkins shows 
85° emphasizing three major aims—‘‘Understanding, appre- 
ciation and control; “Fund of valuable information; and 
“Preparation for later sciences.”’ 

Scientific attitudes and ideals were mentioned in all of the 
tour studies summarized by Watkins; scientific attitudes and 
ideals are among the several miscellaneous aims stressed by 
fifteen per cent of the replies. It is interesting in this connection 
to recall the four aims of General Science presented by Assistant 
Superintendent Lake of Cleveland before the Chicago meeting 
of the Central Association of Science and Mathematics Teachers, 
December 1922.8 Independence of thinking and acting; the 
habit of accuracy and exactitude; the habit of suspended judg- 
ment; the habit of perseverance and work. It is possible that 
the discrepancy between these earlier statements and aims and 
those received in reply to the present inquiry represent a general 
tendency to shift the emphasis rather than differentiated re- 
sponses to suggestions within the various questionnaires. For 
the present, however, it is impossible to draw further inferences 


from the data at hand. 


C. On Mernop 

i, Have you pupils n general science opportunity for in- 
dividual laboratory work? 

The amount of laboratory work, as has already been in- 
timated, is decidedly inadequate. Only seventy teachers an- 
swered this question directly (51 say that the pupils have oppor- 
tunity for individual laboratory work, and 19 that they have not). 
It is safe to assume that the missing replies represent schools 
" TWatkins R. K The Technique and value of General Sx e Teaching, General Science 
Quarterly, 7:235-256, May, 1923 


*General Science Quarterly, 7:92-101, January, 1923, and School Science and Mathematics 
23:268-277, March, 1923 
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in which laboratory facilities are entirely lacking. When it 
comes to specifying the amount of laboratory work. t] irteen 
of the teachers who claimed to have laboratories alled to 
answer. Two periods pel week is the prevailing amount of time 
(18S out of 38 schools One school reports ten periods a week 
of laboratory work without indicating the length of the perio ls: 


and one school reports five periods ol elghtv-one minutes each 


Numbe r oft Pr riods yf L tboratory W ork n General NS¢ CTNLCE 


R}I »OLS 
Number of Periods 1 2 3 { 5 10 PORT 
Number of Schools } 1S ) 5 7 l 13 a1 
Z A ‘¢ You? pup (,e@7 Pel) CGu i to ] j tl home 


projects? 

Out of 78 schools (or school systems) re plying, 92 or two thirds 
require home projects ol some kind to be carried out voereas 
26 do not. Very few teachers submitted examples of such proj- 
ects. A few representative examples are How to s e on gas 
bills,” ‘‘Wiring door bells,’ “Building trap nest Developing 


and printing photographs,’ ‘‘“Mosquito and fly campaigns 


“Capturing and finding out life history of fruit fly 

3 Do your classes in Gen. N¢ hare opportunity ¢ f cal 
and institutions during school hou 

Slightly more than 25°, of the schools reporting (21 out of 78 


claim to make no use whatever of visits Nearly as many 


however, (19) report visits during school hours as well as after 
school hours. The rest are evenly divided between usin: hool 
time and after-school time 


( ontir ed in December 


STUDENTS ARE YACHT BUILDERS AND STONE WORKERS. 


Dominant loeal industric nevi bly Tee es 
ot any community San Diego, ¢ 
large enough to give safe anchorage to 300 | 
the harbor is without considerable number of thet NI L the 
people of the city look to the ocean for their livelihood 
cipal diversion The COU! ol the schoo nop 
Nothing else in those shop rouses so much interest lilding 
boats and of models of racing craft Yachting entl 
boat builders encourage tl stud nd cordial coope ( th tne 


shop teachers 


Similarly, in Bedford, Ind., the center of a great quart rict 
stone drafting and stone working are strong! empl sized 
high school has a complete equipment tor planing stone na i ping 
and dressing lt, and the voeat I | courses offers a re I 
tical character Numbers of the boys elect thos courses, tor the re 
not only of great interest in themselves but the lead to ret re tive 


ation School Life. 
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PROBLEM DEPARTMENT. 
Conpuctep By C. N. MILLs, 
Illino State Normal University, Normal, Jll. 


This de pa fy nt m lo prow ide proble ms of varying de grees of difficulty 
which will interest anyone engaged in the study of mathematics. 

All reade re ) ted to pro pose probl ms and to solve proble ms here 
proposed. Dra to illustrate the probl ms should be well done in India 
ink. Problem ! olutions will be credited to their authors. Each solution 
or proposed problem, sent to the Editor, should have the author’s name 
introducing t} Cc proble m or solution as ov the follou 7 page Ss. 

The Editor of the department desires to serve it eaders by making it 
nteresting and helpf il to them. Address suggestion s and proble ms to Ge N. 


Mills, Illinois State Normal University, Vormal, [lil. 


SOLUTION OF PROBLEMS. 


S81. Suggested by Problem 869. 

By the compasses only, find the fourth proportional to three given lines 
| Solved by M l Goldberg, Pi ladel pi ia, Pa. 

This construction is given in Adler’s “‘Theorie der geometrischen 
Konstruktionen 

With eenter 0, draw e¢ reles of radii a and b. Draw chord AB c on 


eircle of radius a. With any convenient length as a radius and with 
{ and B as centers, draw ares intersecting the other circle at C and D. 
Then triangle AOB is similar to triangle COD, and CD =z such that 
ae 
Yd 





If c is larger than the diameter of the cirele, divide it into n parts by 


method of Problem 862 ind multiply the fourth proportional found by n. 










868 SCHOOL SCIENCE AND 


= 


4 





VATHEMATICS 


II. Solved by J. Murray Barbour, Ardmore, Pa. 


9 








V 






Dp Pp 
2 

















BC=c. With A and B as centers. and 


The distance AA’ is the required fourth ] 


On a given straight line locate the points . 
» and a respective ly, 
as centers, and radii a 


iagonally opposite to B. 


draw ares intersecting AB at D. With C: 
and c respectively, draw ares intersecting 
With E and C as centers, and with radii « 
ares intersecting at F. FD is the required fo 


respectively, draw 


proportional! 


only whet 2 
above If h>2a 
ad of a and cit 


| be easier to interchange 


the circumference 
equal to nm and p 


Discussion. The above constru mm eC: 
If b>2a>c, interchange } for c and construct 
find a number &k so that 2/ b, and use 
the above construction. Again, if b 
: b and c, using ka and k! 
| III. Solved by George Sergent. Guaten 
i Draw a circle of radius » From any 
mark off the ares AB and AC subtended 
? respectively. Determine A’, symmetrica 


Proof. if the diameter! AOD drawn AA intersecting 


13 
2 


’, so that AB 


] 
; 


respect to BC 
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BC at E, the right triangles ACD and AEB are similar. Hence AD:AB = 
AC:AE, or 2m:n=p:AE. This reduces to m:n =p:AA’. 

See June, 1922, issue for other constructions.—Editor 
882. Proposed by W. W. Horner, Redstone H. S., Republic, Pa. 

A 100-foot chain is suspended from the ends of a 50-foot horizontal 
beam. Find the distance from the center of the beam to the lowest part 
of the chain. 

Solved by Norn 17 inning, University of Michigan. 

Let us assume that the chain is uniform. It will hang in a catenary 
whose equation, when referred to suitably chosen axes, is y=a cosh 


(r/a). If s is the length of the are measured from the vertex (0. a) to 
any point (z, on the curve, it is known that s=a sinh (v/a). From 
the values of y and it follows that y?—s?=a*. When s=56 and z =25, 
we have 2(25/a) =sinh (25/a). Solving this equation by trial, we find 


that a=11.482, then y=51.301. The required distance (y—a) is 39.82 


feet. 


Also solve | Ly VU f rel Goldhe rd, Philadelphia, Pa.; John Anke he ant, 
River Rouge, H. S Vichiqan: J. Murray Barbour. Ardmore, Pa.; and 
the Propose One incorrect solution was received. 


883. Proposed by J. Murray Barbour, Ardmore, Pa. 

a) Six playing cards are laid down in a row in a certain order. If they 
are gathered and shuffled and laid down again, what is the chance that 
at least one of the cards appear in the same position as before. (6) When 
there are n cards, instead of 6, what is the limit of the chance as n 
approaches infinity? 

Nolwve d by the Propose Pp. 

The chance can easily be computed when there are only a few “eards. 
First find the number of favorable arrangements when the first card ts 
in position; then, the additional (i. e., different) ones when the second 


card is in position. Proceed in like manner with the other cards. 
\ Cards Favorable Arrangements Totals 
5 24 18 14 1] 9 76 
} 6 } 3 yA 15 
2 I l { 
2 l 0 l 
l l 
These numbers (logically enough) form a subtraction series as shown 
above in which the first term of the nth row is (n—1)! 
It will be seen from the column of totals that S, =n’S,-14 ] 
Chance, N.Sa-14 1)’ Chance ,-1+(—1)* 
“Chance ,=1 +} + + l 
' 


a) When there are 6 cards the chance is 4§§ or ,°/ 


Ai 27 7 i! 
Write —1 for 
é 1—] 
l1—e—' =] 
Hence, limit of chance , =1 —¢ 
n= © 
One incorrect solution was received 
SS4 Proposed by J. K. Elwood, Supt. of Schools, P} l psdourg Mont. 
By algebraic devices (not by the Factor Theorem, nor by approxima- 


tions 


solve x r? —2z 12=0 
l. Solved by J. Murray Barbour, Ardmore, Pa 
z r*—2 12=0 


r?+27 +12. 


If a perfect cube be added to the left-hand member it can be factored. 
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MeV ieniers AA. 


* 


’ 


1 


This number must be so chosen that when added to the right-h 
member it ean be factored also Krom the second condition 


ind 


it is clear 
that the number must be negativ: 27 fulfills both conditions 
24 x —15 
{) 4 5 
2 } 0 
liv-3 
I] Sol hy Tillie Dant K. H. S., Philadelphia, Pa 
Subtracting and adding 6x to the given expression we get 
j 12 0 
} 2 j } 
2 : 0 
Hence 2z » na Ll \ 
Three solutions ere recel' ! hich use is made of Cardan’s for? 


for the general cubic equat ne tionby J. A. Ff ( P} 
solution by G 70 S :; G ( 1. One solu 
was received from J / U9 n C'olleg College \ \ 
One incorrect solution was rece 
RS. Fi HT Sci [P [ / rel] i) 
Kensington H.S., P ' P 

Given any three angles, A, Bb, and ¢ nd the re 


A 4 ) Oo 3 on C4 , On”. 


Construct three right angle DEF, HIJ, and LMO. Make DEG 
HIK=ZB, and LMN ( Then GEF ' KILJ 
NMO 

Draw EP making GEP then PEF Draw EQ) 
FEQ +z), then PEQ =2 Biseeting angle PEQ gives ar 

Draw MS making NMS then SMO 

Draw IT making KIT the rid 


PROBLEMS FOR SOLUTION 
896. Pri hy R. T. Met / G Calif 


The cente1 i the tour eirele mseribed abo . 
by four str ught lines re eon 
897. Proposed by F. A. ¢ St. Paul, M 
Using the compass ne given line sezment 
one part being equal to thr lr regular decagon inscribe ‘ 
whose rad is e¢ fl te t hve 


898. P ed hy N i l ersity of Micl 
An equ eral triangle AB nseribed in cirels D is anv 1 
on the minor are AB. Show that the area of ACBD is equal to th 


of the equi teral triangle nieh | CD for sicle 
899. Proposed by Tille D Ba es Bn FO lelphia, P 
} f) 
{)} 


Eliminat« , and z, and get the equ 


900. f/f High School P Pp ed byC. EB. Githe W heels WwW. 

A and B re at aifierent point n straight road A trave toward 
B and reache B’s origin rm t f en minutes fter B had 
travels toward A and reaches A nal position fifteen minut ifter 
A had left Each t 1 stal nd meet half wavat 4 P. M. Wher 
did each start? 


In providing hor f ecent re} 
to the United States Bureau Edueation shows a total of 635 for tl 
State. Nearly 600 of these home re in rural districts 
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THE FIRST YEARBOOK OF THE NATIONAL COUNCIL OF 
MATHEMATICS TEACHERS 
AN ANNOUNCEMENT 
By Proressor RaLeigh ScHORLING 
President of the National Committee of Mathematics Teachers 


At the last annual meeting at Cincinnati the Council voted to publish 
a vearbook containing helpful naterials for teachers of Mathematics. 
[his vearbook is to be presented as the program for the 1926 meeting. 
In accordance with this action the president of the National Council 
appointed the following committee Mr. Charles M. Austin, Chairman, 
Dean John H Minnick, Mz William Betz, Professor Walter E Kells, 
and Professor Frank Touton 

Che next meeting will be held at Washington, D. C., on Saturday, 
February 27t} It is hoped at this time to present a strong program 
and in excellent é irbook. 

The details concerning content, publication and distribution will need 
to be approved by the Executive Committee of the Council It is 


proposed that we build a yearbog} round the ge neral theme, **The 
Progress of the Past Twenty-five Years in the Teaching of Mathematics 
Klementary and Secondary Schools.’ Credit for this suggestion 1s 


lue Mr. William Betz 

lentative plans for the vearbook include the f llowing 

j Che Presidential Address by Professor E. H. Moor This is 
a reprint of the address which Professor E. H. Moore delivered before 
the American Mathematics Society and which has so profoundly stimu- 
lated progressive thinking on the teaching of High School Mathematics 

y ['wenty-five Years of Progress in the Schools of England, a sum- 


( ro 
mary by Professor T. Perey Nunn. 


3 Recent Tendencies in the Schools of German by Professor J. W. 
} ung 

4 { summa! nsisting of (1), the story of our syllabuses. (2), the 
work of the International Commission. }), the stor f the National 
Committee and its work. (4), the attempts at curriculum construction, 
et It Ss suggested that this summary be indertaken by one of the 
following Prof r J. W. A. Young, Professor D. E. Smith, Professor 


5.—Mea ¢ Instruments of Long Ago, a reprint of Mr. Stark’s 

6 \{ suml ry of the present testing movement with a ec fique of 
tests: it is hoped that Professor Clifford B. Upton will undertake this 

he needs only to abbreviate and supplement his material of chapter 
13 in the Reorg nization of Mathematics in Secondary Edu yn 


7.—The Making of Modern Survey by Professor Raleigh Schorling 

S.- \ Statement ol the Modern Point of View as to the Psy hology 
of Drill by Raleigh Schorling 

v \ Biograp! f Books Published since 1920 by Professor J. Robert 


10.—The Teaching of Trigonometry in the Junior High Schools by Mr 


11 By Products from the movement in education as concerns the 
t iching of M ithematics It is hoped that one of the following may 
undertake this unit Professor E. L. Thorndyke, Dr. John R. Clark, 
or Dr. Clifford B. Woody 

12—The Teaching of the Metric System in Relation to the Teaching 
of Decimal Fractions Miss Selma Lindell. 
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13.— What are we able to do in Mathematics by way of diagnosis and 
remedial treatment? Leroy Schnell. 


No one man or a publication committee can make a yearbook We 
will need the experience of many alert workers in our field You are 
hereby urged l EO crit LZé the preceding outline 2 . lo make 
Suggestions as to the other units to be in ‘luded 3), To choose some 


unit and develop it, and (4), To send your section to some member of 
the editorial committee or to the writer not later than Novembe: 15th. 
The preceding topics will also be used as the main part of the program 
at the Mathematical Section at the Thanksgiving meeting of the Cen- 
tral Association R. 5S 


AMERICAN EDUCATION WEEK, Nov. 16 to 22, 1925. 

The following program for the observance of AMERICAN EDU- 
CATION WEEK this year has been agreed upon by the Bureau of 
Education, the National Education Association and the American 
Legion, under whose joint auspices AMERICAN EDUCATION WEEK 
is promoted annually Che week will start on Monday, November 16, 
and end on Sunday, November 22 


Monpbay, NovEMBER 16, ConsTITUTION Day 


‘The Constitution is the bulwark of democracy and opportunit , 
l Unity. justice, tranqu ty defense, welfare and liberty 
2 Our Constitution guarantees these rights 
é. Our Constitutio Is the expression ol the wi ll of the people 
1. One Constitution, on 10n, one Flag one History 
Slogans ‘Bal Know the Constitutio Visit 
your schools tod 
TuEsDAY, NOVEMBER 17, Patriotism Day 
‘The Flag of th United States of America is the symbol of the ‘ ind 
institutions of our Republi 
l Our Flag insures t} iunctity of life and the security of property 
2. Quicken the sense of pul duty 
a. Voting is the primar lut of the patriot 


4. Our national honor must be preserved from unjust attach 
Slogans ‘America first Vote at all elections Visit your schools 
today.”’ 
WEDNESDAY, NOVEMBER 18, ScHooL AND TracuEeR Day 
‘It is not too much to say that the need of civilization is the need of 


teachers Calvin Cool dge 


he teacher is a nation builder 





2 school is the foundation of democracy 
3. Provide for the needs of your schools 
4. Trained teachers require adequate compensation 
5. The teaching of patriotism is the duty of all public servants 
Slogans ‘The better the teacher the better the school,’ Visit your 

schools to lay 


THURSDAY, NOVEMBER, 19, CONSERVATION AND THRIFT Da y¥. 
‘The forests of America, however slighted by man, must have been a 
great delight to God.”—John Muir. 
1. Conserve our national resources. 
2. Prevent forest fires 
3. Industry and thrift spell prosperity 
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4. Saving insures happiness. 
Slogans—'Plant a tree,’’ “Work and save,”’ ** Visit your schools 
today.” 
FRipay, NOVEMBER 20, Know Your Scuoon Day. 


‘Progressive civilization depends upon progressive education.”’ 


1. Schools must progress with the times. 

2 Preparation for modern day life demands a broader couree of 
study 

3 The school must be kept abreast of science and invention 

4 \ little invested in education saves much expended on crime, 
poverty and disease 

Slogans ‘Good schools for all communities,”’ ‘*Make your schools 
livable,” ‘‘Visit your schools today 


SATURDAY, NOVEMBER 21, CommMuNITY AND HEaAutTa Day. 


‘Physical education means health and strength.”’ 


1. The school is a community center. 

2. Equality of opportunity for every American boy o. d girl 
3. Public library service for every community 

$4. Proper food and rest for children. 

° \ health officer for every community 

6 Adequat parks for citv, state and nation 


Slogans—‘‘A squart for the country boy and girl,”’ “‘A sound 


deal 
mind in a sound body ‘Visit your neighbor today 


SunDAY, NOVEMBER 22, For Gop anp Country Day. 


Religion, moral nd education are necessary for good government.” 
] Education in the home 

2 Education in the school 

3 Education in the church 

Slogans—‘A G nation cannot fail,” “*Visit your Church today 


NORTHERN CALIFORNIA CONFERENCE ON SCIENCE 
TEACHING. 

Dr. Edna W. Bai ind Mr. Clyde M. Westcott, Pacific Coast members 
of the Committee on the Place of Science in Education of the A ie ° S.. 
requested the School of Education of the University of California to 
conduct two conferences on the problems confronting that Committee 
One was held in Berkeley, under the auspices of the Summer Session, on 
July 17 and 18; the other will be held at the Southern Branch in Los 
Angeles on August 3 and 4 

It was planned to make this a small working conference, composed of 
those who have certain responsibilities with regard to the teaching of 
science in this state. The plan outlined by Dr. Otis W. Caldwell, Chair- 
man of the Committee, was used as a basis for the preparation of the 
program, which follows 

Fripay, Jury 17. 
9:30 a. m. 

General Meeting and Organization, Chairman: Prof. George W. 
Hunter, Knox College, Galesburg, Illinois. Discussion: 

Present situation in science teaching in California. What subjects 
are taught, where, when, in what year, in what sequence; the training of 
teachers and the load carried by teachers Leader: Miss Elizabeth 
Bishop 
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Oo 


THREE SECTION DISCUSSIONS. 


Costs. Leader Mr. Clvde M. Westeott, H: id of Science Dep 


Hollywood High School 


The Synthetic View of 5 I Relation to Organization of ¢ 
in High School and Colleg weadet Dr. Richard Holman, A 
of Botany, University of C 

Science and Health What are the Scientific Fundamentals | 


for Health Education? Lead Dr. J. N. Force, Prof. of H 
University of Califor Dr. Agnes | \ I ol 
science L'niversityv ot 4 lite [)y Richard Bolt \ ‘ Pr e of 1] 


University of Californi 


SATURDAY, JULY IS 


Phys rr h v l 
n Ci s ; 
ORDER OF SCIENCE COURSES. 

Wises ie cotiiderel throughout the stat 
desirable sequet rt I l After consid 
in the state and throug! t tl nt the conference ' 
General Science be offered the Junior High School 
grade and in at least one ! In the four vear hig! 
General Science 18s recommended 1 the ninth grad 7 y 


given il 
Life Science be required ol tudents in th 


and Phvsies should be offered t} lith and 12th grades Wi 


seems to be a greater tende! for student to take Cl 
eleventh and Physics in the t h. there is not sufficient reasol 
choice in the ord r of these t ences 
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There 1s great need for a definition by the College Entrance Board of 


the ibject of Physiology as an advanced science for the third or fourth 

‘ il ral Hig! ~ ' »] 

It is recommended that the University offer two elementar purses 
in each science one Ior those who have had H oh hool work in hat 
subject, the other for beginners 

Many teachers are required to teach science without adequate prepara- 


tion and mar teachers prepared in science are req lired to teach other 
subjects Irom five to fifty per cent ol the teachers in the differe nt schools 


of California teach some science, and forty-seven per cent of the science 
trained teachers are teaching other subjects in the high school curriculum 
The conterence irges incre ised attention on th part ol high school 
principals to th ssignment of teachers to subjects in which they are 
properly p! 

General Science and Biology constitute a large part of the science in 
t he high cho 1 t? tate I’ hers of these subj ts have not had 
proper trainu There is distinct need of help from the University in 
the form of t1 g in subject matter used in the two courses mentioned 
The conferet requests the University to provide adequate preparation, 
such prep ile yu from the following fiel of lence 


s nee I 1 ! n id 
lt orag ree eu > light i bette b] » realize the 
! Sei e in training young people to meet problems of 
| mmended that an extensive and thorough experi 
le ! e x raining me ied | rie ndividu 
ving il I f I nd orga It SUD matte! 
nad tl is » I l | 1 ord I lize tl ( lesired 
1 
| ( 1 I ( i s ! » yndat Education 
( Hilo lear g | l for la pial sp n tion 
| pora ire eg I 1d 8 | list or supplies tor 
} nmo given in th mndary s the 
state \ yp ich material | prepared and made avalil- 
e 1 ! ‘ , vivel } ‘ nad . ools of 
! t I ! nem 


Free instruction in taxidermy is given to Bov Seouts by the American 
Museum of Natural History in New York City The instruction is 
individual, and the boys are encour ged to tl rough work by the offer 


it a Al 


PHENOMENAL GROWTH OF INSTRUCTION IN SWIMMING. 


\ striking adventure in Ame! n pedagogy is the growth of instruc- 
on in swimmin nd watermanship Higt school buildings and play- 


grounds contain swimming facilities Many colleges include swimming 

1 prerequisite for a degree In militarv posts and at summer civilian 
training camps instruction In Swimming is give! iS a matter ot course 
Che American Red Cross has been the most significant factor in pro- 
moting water satet\ In Chi izo New York B ston ind Springfield 
ire institutions that produce swimming directo! School Life 
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Quarter-Centennial Meeting of the 


Central Association of Science 
and Mathematics Teachers 


November 26, 27, 28, 1925 


At the University of Chicago 
Fifty-Seventh Street and University Avenue, Chicago, Ill. 


Instructions on Railroad Rates. Members in Colorado, Idaho, Illinois, 
Iowa, Kansas, Minnesota, Missouri, Montana, Nebraska, Northern Michigan, 
North Dakota, South Dakota, Utah, Wisconsin and Wyoming will buy round 
trip tickets to the International Live Stock Exposition at the rate of one and one- 
third fare Minimum fare $2.00. Tickets are on sale 12:01 a. m., November 27 
except for points west of the Missouri River, where they are on sale twenty-four 
hours earlier 

Members living in the territory of the Central Passenger Association will buy 
a full fare ticket to the meeting of the National Committee on Boys and Girls 
Club work which meets in connection with the International Live Stock Exposi 
tion. Secure from the local ticket agent a certificate with this ticket. Turn this 
certificate in to the registration desk at Headquarters of the Central Association 

rr j 


Reynolds ¢ lub for validatioz lhe rate granted is a one and a half fare rats 
Headquarters Hotel, The Del Prado, Fifty-ninth St. and Dorchester Ave. Other 
‘ 
nearby hotels are the Gladstone, Sixty-second St. and Kenwood Ave Winder 


mere, 1642 East Fifty-sixth St., Hyde Park Hotel, 1151 E. 5lst St., Hayes Hotel 
6345 University Avé 


Low rates ar the Y. M. ¢ \. Hotel, 822 8S. Wabash 
\ and he Y. W. \ 

I each the Uni I Ce expre t sat M A 
nd Randolph St \ I s Fifty-seventh 3S Jackson Par xpress 
trai n the El l Aven nd Six S t No.7 
Bus Michig \ ‘ Universit f Ss 

Regist n H | | s ( ~ a ws S 


Exe ive ( ymmittec Mi r. Thursday, Nov. 26, 7:30 p. 1 it the D 


Friday, N 7, S 00 a.m. Leon Mandel A H 
STth S 1 | \ 
Addr W ! Max Ma | { 
( 
] ht W l Dr A H. ( | I [ ersi 
ot ( hicag 
Members of th \ tl I ited to ta eats i the gallery and rer 
to the [ iversit ( hapel Ser 12-12:30 


The University Commons he end of the | vay from Mandel Hall is open 
o ali members for meals f I 
Exhibits are in the Hallway of Reynolds Club, South-west corner 
57th St. and University Ave. 


Friday, 4 p. m. A per nducted tour of the University buildings, also 
inspection of the se Scie buildings, under guid e of some member of 
each department, for those wl refer to see one Science Department in detail 


rather than th Universit ( ‘ | 
Friday, 5:30 p.m. Recept honor of Past Presidents, Reynolds Club, 57th 
st. and nivel! 


Friday, 6:30 p. m. Dinner, ! Presidents as guests. University Commons 
The after linner! I 


peake " be Dr. Gerald B. Smith of the | ersity of Chi 
cago. Subject Are S d Religion Incompatible 
Friday, 8:30 p.m. Ar ted lecture rhe Little Theatre, Reynolds Clu 
tollo Chamberlain, Dept f Ce Mountain Climbing in the R ik 


Section Meetings 
Friday p. m., November 27 


BIOLOGY SECTIONS. Fr W rner Chairman, Room 14, Zoology Bldg 


We 
Survey of Recent Progress made in Zoological Research. Dr. C. EF. Thoraldson 




















CENTRAL 


Survey of Recent Progress made in Physiological Research. Dr. A. J. Carlson, 


Chairman, Dept. of Physiology, University of Chicago 
Cre SEC TION. Margery Stewart, Chairman, Kent Theatre, Kent 
Chemical L: ry 
Application of Absorption Spectra t 
) 


the Solution of Problems of Inorganic 


Chemistr Dr. H. 1. Schlessinger, University of Chicago 
Artificial Si Mi Nierick of Sears, Roebuck & Co. 
Some New Processes of Baking, Dr. H. E. Barnard, American Institute of Baking. 
Methods in the Teaching of Chemistry. Chas. J. Pieper, University of Chicago, 


The School ¢ be ition 
GENERAL SCIENCE. H. P. Hark Chairman, Room 13, Botany Building. 
Planning the General Science Recitation 
Dr. Paul I. Pierson, Chicago Normal College. 
New beaten eautl Articles in the Field 
Hanor A. Webb, ¢ wrge Peabody College for Teachers. 
Francis D. Curtis U niversity High School, University of Michigan 
New Apparatus for General Science 
Ira A. Davis, University High School, University of Wisconsin 
Hanor A. Web! Peabody College for Teachers 
New Curriculum Units 
E. S. Osbourn, John Burroughs High School, St. Louis 
W. F. Roecher, Boys’ Technical High School, Milwaukee. 
Miss Anna P. Keller, Lake View High 8 hool, Chicago 
EK. B. Collette, Lake View High School, Chicago. 
Rese arch in the Ge eral Science Field 
I iTl R —_ Lin oln hool of l¢ ichers ( ollege New York ( it 
S.R hers’ College, New York City 
GEOGRAPHY SECTION. Katherine Ulrich, Chairman, Room 2, Rosenwald 
Hall 


Appointment of Nominating Committee. 10 minutes will be taken for discus 
s10n following each paper 

Schemes for Pre enting Regional Geography. D. 8S. Whittlesey, De] men 
of Geography, University of Chicago, 30 minutes 

Studer its Ha f Study and Appreciation of Geography. Leavelva M. Brad- 
bury, Stat N. rrmal School, Oshkosh, Wisconsin, 15 minutes 

1 he Dairy iy lust f Wisconsin as a Geographic Adjustment Glen ‘| Ire 
wartha, Department of Geography, University of Wisconsin, 30 minutes 


ae SS raphy eachers in the Area of the Central Associatior L.H 
Halversor I High S« hool 
MATHEMATICS SECTION. Raleigh Schorling, Chairman 
Phe Lit heater, Third Floor of Reynolds Club 
Ir Instruction in a Course in Demonstrative Geometr 
Mi ss “M iry Potter, Supervisor, Racine, Wisconsin 
Wisconsin High School Plan of Trying to Educate to Capacity in Mathematics 
Professor Waiter W. Hart, University of Wisconsin 
Individualized Instruction in the First Year of Algebra 
Miss Selma A. Lindell, University High School, University of Michigan 
What Can Be Done as Diagnosis and Remedial Treat 
Leroy A. Schne Ann Arbor, Mich 
General Dis sion of the topic, Individual Instructi 
Professor Er t Breslich The Univerity of Chi igo High School 
Mr. Joseph ¢ elley, in charge of Junior High Schools, Chicago 
Mr. Edwin W. Schreiber, Pr so Township High School, Maywood, Ill. 
PHYSICS SECTION. Ryerson Physics Laboratory. Elmer E. Burns, Chairmar 
Recent Developments in Optics, Dr. Henry Gordon Gale, The University of 
Chicago 
Changing Methods in Physics Teaching, Mr. Frank E. Goodell, West High 
School, Des Moines, lowa 
A New Type of Physics Laboratory and Class Room, Mr. Earl E. Glenn, Teach- 
ers College, Columbia Universit) 
A new type of Physics test N. Henry Black, Howard University 
Saturday, 9:00 a.m. Business Section, Room 13, Botany Building 
Saturday, 10:00 a. m. All-Science Section Meetin Kent Theatre, Kent 
Chemical Laborator 
Recent Work on the Ether-Drift, Dr. Dayton C. M 4 e School of Applied 


Science, Cl nd, Ohio. President of the American Physical Society, 40 
minutes 

Survey of Recent Progress in Botani Research. Dr. Merle Coulter, University 
of Chicago, 30 minutes 

Demonstrations ot Electric Collisions Dr. W J Hockins, University of 
Chicago, 0 minutes 

The Generil Science Cours Chas. H. Lake, First Assistant Superintendent 
of Schools, Cleveland, Ohio, 30 minutes 


Saturday, 12:30 p. m. Meeting of the Executive Committee, private dining 
room, er ye Club. 8. E. corner University Ave. & 57th St 
Saturday, 1:30 p. . A conducted tour of the International Live Stock Show 
Stock Yards 
Write Dr. Elliot R. Downing, President, University of Chicago or Ada L. Weckel 
Secretary, Oak Park, (Ill.) High School for further particul 
Printed programs Will be m uiled to members about Nov. 1. 
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THRIFT WEEK. 

The teaching of thrift, always a subject of great interest to progressive 
educators, will once igain be made easy according to recent statements 
received from the office of M Adolph Lewisohn, Chairman of thi 
National Thrift Committe: Miany teachers took advantag the 
cooperation along these lines ich was offered en! t (lom- 
mittec Consequently an ine service will be availabl 1926 

Interested teachers can set e ire opies ol the new lendar poster 
with official dates and topics season; also a d folder 


giving objects and purposes of 


to the National Thrift Committee 


National Thrift Week is an econ 
17-23 « ich vear and ts ba 1 n the 
rhe slogan } For S S ad 


onal Thrift Week, bv sending postal 
347 Madison Ave., New York ¢ 

ymic movement which occurs January 
fen Point Econo: Creed, 


followin 


H ippine 


S| e with Ot} | tins ~ 

In response to det ym teachers package 
has been prepared for use 3s room tf hing of Tl I ge 
is available for $1.00 w h just covers cost D 
Order from the Committ t the above ld | t} 
package consist OF W | rs lore ( ‘ | 
portfolio ot teachers p n ling obsery I 

PERSONAL NOTE. 

Mr. Frank J. Bruee ho | been H l of tl > 
in the High School at Chisholm, Minnes 1) 
recently been appoint t} Centr Scie! ( ! ; 
field representative for Minnesota and pat M 
Bruce is a graduate of De Pauw nivers Ci I 
brings to his rk, 1 ( ( y , 
ence in teaching, but also inusual acqua une | 
science teaching Mir Bruce h served on variou mmitt th 
the Minnesot Kdu t) \s ( { n nd the Northe tern \ . ‘ 
Educational Associatior 1 has | i pror 
the State Committe ! é ’ 
high schools 


SCHOOL NURSES SUCCESSFU 


Until the advent of 


ly 


LLY USED IN MASSACHUSETTS. 
h programs in rural Massa- 


) } t 
Si eaitn 


chusetts were very inadequate In many towns medi n was 
the onlv feature, though some towns made provision for oral hygien 
Eighty towns of less t} 5,000 population have been conducting dental 
clinics for one or mor ears Some had traveling clinics operating 
under the auspices of farm bureau v] hers r 1 in 
cooper ition with municip it me le irsing ) t nehes 
of the American Red ©1 

Since the enactment of legislation requiring ID ool 
nurses in all towns, impr has been marked Che nur elps 
the school physician Wit! tne innual phy sit il examinat T l I ACS 
independent inspection of pupils and buildings. She visits ¢t es 
of pupils and confers with parents in regard to hi ilth problems \ nt 
investigation by the State department of educat I snows that Tully 


99 per cent of the pupils 


ttending publi schools 


receiving the benefit of school-nursing servics 

























arm the publication of 
ELEMENTS OF 
APPLIED ELECTRICITY 


By HOWARD H. BLISS 


Riverside Junior College 
Riverside, California 


An elementary textbook in Electricity. 
Part | lhe fundamentals developed from current practice. 
Part Il: More detailed work on same topics with further 
applications 
Illustrations of modern devices, power plants, shops, power 
lines, and machines 


Four hundred practical problems illustrate all topics con- 
sidered. 


HENRY HOLT AND COMPANY 


New York Boston Chicago San Francisco 














ASTRONOMY TEACHERS 
NEW ESSCO CONSTELLATION CHARTS 
Chart SC1—EQUATORIAL REGION 


Shows principal stars of every important constellation from 
60° North to 60° South, together with Kquator, Keliptie and princi- 
pal Hour Circles. 

Chart 42 inches x108 inches, cloth backed, and mounted on a 
spring roller. 

Chart SC2—-NORTH CIRCUMPOLAR REGION 

Shows principal stars of every important constellation from 
30° North to 90° North. 

Chart 42 inches x54 inches, cloth backed, and mounted on a 
spring roller. 

Chart SC3—-SOUTH CIRCUMPOLAR REGION 

Shows principal stars of every important constellation from 
30° South to 90° South. 

Chart 42 inches x54 inches, cloth backed, and mounted ona 
spring roller. 

For detailed information on above charts, send for Bulletin C501. 


EASTERN SCIENCE SUPPLY CO. 
P. O. Box 1414 
BOSTON, MASS., U.S. A. 











Please mention School Science and Mathematics when answering Advertisements. 
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BOOKS RECEIVED. 

Nations as Neighbors by Leonard O. Packard, Teachers College, City 
of Boston and Charles P. Sinnott, State Normal School, Bridgewater, 
Massachusetts. Pages xii+579. 16.50x24 em. Paper, 1925. The Mac- 
millan Co., New York Cit 

United States Official Postal Guide by The Department. 1015 Pages 
16x24 em. Cloth, 1925. Price $1.25. Government Printing Office, Wash- 
ington, D. C. 

Elementary Psychology by Arthur I. Gates, Teachers College, Columbia 
University. Pages xiv +594 13.50x20.50 em. Cloth, 1925. The Mae- 
millan Company, New York City. 

The Choice of a College by W. Comfort, President of Haverford 
College Pages vi+55. L0x16.50 em Cloth, 1925. The Mameillan 
Company New Y ork City 

Business Law by Alfred W. Bays, Northwestern University Pages 
XX VII 74 173 13.50x19 em Cloth, 1925 The Maemillan Company, 
New York City. 

Elementary Algebra by Arthur Schultze, New York University. Revised 
by William Breackenbridge, Stuyvesant High School, New York City 
Pages vill+334 13x19 em. Cloth, 1925. The Maemillan Company, 
New York City 


Elementary and Intermediate Algebra by Arthur Schultze, New York 


University Revised by William Breackenbridge, Stuyvesant High 
School, New York City Pages x+46l 13x19 em. Cloth, 1925 
The Maemillan Co., New Y ork City. 

A Graphie Table by Adren L. Lacroyx and Charles L. Ragot 18x25 
em. Cloth, 1925. The Maemillan Co., New York City 

Beginners’ Geomett by Roll nad A. Smith High School Newto ville, 
Massachusetts Pages Xiili 327 13.50x19 em Cloth, 1925 The 
Maemillan Company, New York Cit) 

General Hign School Mathematics, Book 1 by David Eugene Smith 


] 

| 
Teache rs ( ‘ollege, Col imbia I niversity and John A. Foberg De partment 
of Publie Instruction, Pennsylvania, and William D. Reeve, Teachers 


College, Columbia University Pages vilit+472. 14xl19em. Paper, 1925 
Price $1.60. Ginn & Compan) 

The First Year of Science by John C. Hessler, Knox College Revised 
Edition Pages 9+476 14x19.50 em Cloth, 1925 Benjamin H. 


Sanborn & Compan) Chiearo 

Electrical Engineering by Clarence V. Christie, MeGill University of 
Montreal Pages xxi+613 15x24 em Cloth, 1925 Price $3.00 
MeGraw-Hill Book Company, 370 7th Ave., New York C 


Mechanical Investigat! y ol Leonardo Da V ne b ly T B Hart, 


University of London Pages vii+240. 15.50x23 en Cloth, 1925 
Price $4.00. Open Court Publishing Company, Chicago 

A Geometry of Rene Deseartes Translated from the Latin nd 
French by David Eugene Smit! nd Marshall Latham, Columbia Uni- 
versit' Pages xili +246 17.50x23.50 em Paper 1925 Price $4.00 


Open Court Publishing Company, Chicago. 

A Text Book of Modern Physics by Leroy D. Weld, Coe College, and 
Frederick Palmer, Jr., Haverford College Pages xi +737 15.50x22 em 
Cloth, 1925. P. Blakiston’s Son & Company Philadelphia 

Teaching Science in the Schools by Elliot R. Downing, University of 
Chicago. Pages xili+I183. 14x20 em Cloth, 1925 University of 
Chicago Press. 

Biological Equipment by Cambridge Botanical Supply Company 
158 Pages. Paper, 1925. Botanical Supply Company, Waveriey, 
Massachusetts. 

Junior Mathematies; Book 2 by Ernest R. Breslich, University High 
School. | niversity of Ch caro Page s x +264 13x19 ecm Cloth 1Y25 
MacMillan Company, New York City. 









































































Model ‘‘BSM-F”’ 


LEITZ 


Binocular Stereo 
Mic roscopes Model “‘BSM-C” 


The latest and ideal Microscope 
for College Laboratories 





Model “‘BSM-B”"’ 











Large Field 
Stereoscopic Vision 
Long Working Distance 


Model ‘‘BSM-D"’ 





Model ‘“‘BSM-H” 


Impressed with the ever increasing importance of Binocular 
Vision applied to Microscopes, the Leitz works, have, through 
onstant contact with the scientific profession, been quick to 
realize that through the development of microscopical instru- 
ments of comparatively low power, rendering stereoscopic 
images, possessing large working distance and large field of 
view, a long felt demand can be accommodated and furthermo 
the area of microscopical inves igations be widened to an extent 
which exceeds our expectation 


With this in mind the Binocular Stereo Microscopes 
have been constructed and through the most favorable 
reception received, are destined to revolutionize low power 
Microscopy in College Laboratories. 





The Binocular Body or housing can be used interchangeably 
with the various stands illustrated, and in offering such a variet 
of stands, any individual desire and need can be readily 
accommodated. The Magnifications available range from 
3.5 diameters to 30 diameters 


Write for Pamphlet No. (SS) 1060 








60 East 'OSt. 
AGENTS: 

Pacific Coast States: Spindler & Sauppe, 86 Third St., San Francisco, Cal. 
Canada: J. E. Hartz Co., Ltd., Toronto 2, Canada. 
Philippine Islands: Botica de Santa Cruz, Manila, P. I. 

Cuba: Texidor Co., Ltd., Habana, Cuba. 
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BOOK REVIEWS. 


Physics for Tech nical Schoo from ¢ Me ges ar ly ( fre | ; 
Anderson, Oregon State College Pages xxxili+S827 16x23.50 em 
Cloth, 1925. Price, $4.00. McGraw-Hill Book Compal! 70 7th 
Avenue New York City 
This is a monumental work 1 is thoroughly modern in all of its 

aspects. It is a book that ar lege or university ructol ‘ 

in his classes with profit and t same time, isa work whichawS 

school teacher should use as a reference in his wor] It too heay t 

Secondary School class worl 
There are many new features in tl boo 1t 1 pene t 1s f 

or restatement of the known ‘ts in Physics There are thr hundred 

seventy-three cuts, most of which ar made prim | f S¢ his 
volume. The diction is sp lid Major paragrapl eg tt 

b old-faced type 
At the end of each ch ipt i list of proble pertall £ I 

work discussed in that chapter Chere i splendid index so 

mentioned in the book m be isily located Phe rder « 
consists of mechanics propert of matter, heat d ght, el 

and magnetism It is book that should bi 1ands 

teacher of Physics both in th ersity and lary school. C. H.S 

Problems in Home Ec | hing Le F.B l 
of Chicago Pages vii 146 14.50x21.50 C] 1925 
versity of Chicago Pres 
This is a thoroughly m wol ( | It 

consists of sixty-seven pro n that h 14 ele d with } 
thought and study These p I ire g nm « he | pag 
book The right 1de being te l ior ring upor I t 
of the problem on the oppos age 
The book is divided into en chapters or parts wit] pl 
each chapter of kindred 1 ( | h prol i 
references to points d Is l e problems 
The book is well writt mands a wide nd 
that all home e ym t hould poss C. H. 8 
New Esse B { 1 Vew 1 
George H. Van Tuyl, E ( Hiqi \ } ( 
Pages xii +302 14x20.5 l V 140 1G) \r ( 1 Be 
Co., Ne York City 
Recently opy of Van Tu New Dp Business Arit] 
came to my des] The be I n examined with much inte 
Upon analysis of the on nts the text, the ( I 
the novel presentation of f lamentals and essentials conne 
this branch of mathematics 
The completen of the volume is revealed in the author’s 
of every phase of arithmeti mputation in current industrial 
The term business supports the title of the text by the straight vard 
manner in which all subject tter is gi en to the student in t g 
for efficient service The ithor’s¥shorter cours ‘New |] nt 
Business Arithmetic’ is equally meritorious 











The New Mathematic 


Everyday Algebra for the Ninth School Year 


3y HARRY C. BARBER, Teacher of Mathematics in the English 

High School and the Eliot Intermediate School in Boston, Supervisor 

of Mathematics in the Public Schools in Newton, Mass. 

This book presents the new algebra with logical unity and teaching momentum 
not heretofore achieved. The pupil’s power grows steadily as each day he 


applies to new situations the steps and processes mastered. $1.24 


Answers for “Everyday Algebra’ furnished without charge to teachers using 
the book as the text in their classes. 


Teaching Junior High School Mathematic 


By HARRY C. BARBER 
rhe first book to present an interpretat f the report of the National Committee on the teach- 
ing of mathematics in grades VII, VIII, and IX. Jn the Riverside Educational Monographs $1.20 
Each of the above ks was prepared under the editorial superv:sion of JOHN WESLEY YOUNG, 
Cheney Professor of Mathematics, Dartmouth College 
HOUGHTON MIFFLIN COMPANY 
Boston New York Chicago San Francisco 























REVIEW QUESTIONS 


Twelve Thousand Questions in Eighteen Booklets 





Algebra Plane Geometry 
Chemistry Solid Geometry 
Physics Trigonometry 


Siz Pamphlets by Franklin T. Jones 





French Grammar Review—American History and Civice—Ancient 
History 
Three Pamphlets just published—compiled by Expert Teachers 


Other Pamphlets 


French A, French B; German A, German B; First Latin, Second Latin; 
Medieval and Modern European History (inciuding English History); Question 
Book on History; English. 





Price, each pamphlet, 50c. except English, Second Latin and French 
Grammar Review, 60c. Sample copy to a teacher half-price when money is 
sent with the order. 


Liberal discounts for Class Use 





Published and for Sale by 
THE UNIVERSITY SUPPLY & BOOK CO. 


10109 Wilbur Ave., Cleveland, Ohio. 
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After an extensive experience, applying arithmetical principles in the 
practice of higher accountancy, my conviction is that eve ry student of 
Commerce and Administration should master such a text, and keep it 
within arm’s reach of a future desk. H. F. K 
*““An Open Lette to A College Freshman” is the title of a little pan phlet 

gotter oul by that past mastet OQ) col ege teach ng, Carl BE Seashore oj the 

It is primarily a little pamphlet which will inform the first year student 
in colleg: work exac tly what he should do in all phases ol his coll ge life, 
and if he follows faithfully the suggestions made by Dr. Seashore, he 


cannot help but be successf ul iz his college course 


It is a good book without question. They sell for $40.00 a thousand. 
$5.00 a hundred and $0.05 a copy. Address The Bureau of Educational] 
Research, State University of Iowa, Iowa City, Iowa. c A.s 


An Introduction to Economic Geography by Wellington D. Jones and 


Der pent & W Arttle ey 7 ch Lpte rs and 275 pages M ips, diagrams 
illustrations and index University of Chicago Press, Chicago, 1925 
$5.00. 616x9% inches 
An economic geography in two volumes of which the above is the first 
The book is complete is texual materials, class exercises and illu tions 
and is planned to provide students with stimulating materials that 
illustrate geographic problems 
In the chapter entitled ‘‘Scopes of Economic Geography,” the authors 
state the basic principles of economic geograph “The peculiar con- 
tributions of economic geograpl Is an understanding of the 1 ons 
between natural environn t and economic life in the various regions 
of the earth 
Other chapters re¢ é rf é nd mun¢ ( sits 
ground and surface water and eans Each have sections of early 
organized material well adapted for teaching purposes 
The book has its pictures, graphs, charts and maps separ from the 
text matter The photog nt istration geographical 
ae = ire I I I { i iT I the t xt ma te! | en 
ection work has a s ’ s whicl mpel the stud IS 
definitely the ibject 1 ( strations, the statistics, diagrams 
nd other mat 3 | outlines the methods used by 
the authors 
It is a book to be hig! I led f n colleg I I 
schools and { eachers ol I reography W. M.G 
Essentials of Algebra. B 7 by David Eugene Smith, Prof 
Mathematics, Teaché ( eqge Columbia University, and W a? 
David Reeve 1 ate | é f Mathemati« Teache ( ege, 


Columt a ly ¢ 4], P res Vi +-27 14x19.5 cm 1925 Price, 
$1 24 Ginn « Co 
This book is designed for a course in interm« 


given in the tenth or eleventh school vear For the benefit of students 


who have not had the good fortune of studying a ninth grade algebra 
of the more modern type an introductory chapter on algebraic functions 
18 offered. 

In general, the topics included in this book are those that are found 
in the stand ird courses 

They are treated in modern styl That is to say, the material and 
problems are so chosen and « rganized as to make the student fee that 


algebra is a living thing, which may be applied to the problems of ence, 
engineering and business J. M. K 


























Another Big Year For 





LABORATORY FURNITURE 


The first six months of 1925 broke all records in orders for and production of Kewaunee 
Laboratory Furniture 
More business—more installations—more schools properly equipped for real student 


progress. ’ 

The tremendous increase in the number of better-looking school buildings in recent 
vears has had its logical effect in stimulating the demand for better equipment inside— 
camocially when, as in the case of Kewaunee, proper Laboratory Furniture costs no more. 


LET US SEND YOU THE KEWAUNEE BOOK 
Contains 416 pages with 46 views of buildings and mode! installations. We show here 
just a few of the hundreds of items that will increase interest and efficiency in any Laboratory. 








The Kewaunee Book will be sent without charge postpaid, to any instructor or official who 
replies, giving his position 
and using the stationery of 
the institution. dress : 

LABORATORY Leena the insti uti on A ddre SS all 
inquiries to the factory at 
C.G. CAMPBELL, us. and Gen psa Kewaunee. 
114 Lincoln Street New York Office 
Kewaunee Wis. 70 Fifth Avenue 


Offices in Principal Cities 











CHEMICAL LABORATORY DESK AND HOOD 
No. 15025 


11 feet 11 inches long by 2 feet 3 inches wide Top 


d oak Alberene stone sink 


irch, body of select 








INSTRUCTOR'S DESK No. 1416 


For Private Labor: story 





Produced it response t istent demand 
ran absolutely private work-t Roll top 
over completely en 
| CHEMICAL DESK No. 850 
| A good practical design at a moderate price that 
embodies all the essential features of the more elaborate 


r aesks 
Hl 
q 





PHYSIC S TABLE No. 699 CHEMICAL LABORATORY DESK No. 15010 
A sin > x _ ar Kewaunee design, with gas A very complete desk of new design The acme of 
puumectie yns and a wood cros quality and construction 
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SPENCER 
MICROSCOPE 
No. 64 


with side-fine adjustment, lever type, is 

An Ideal Instrument For High School Use 

Among its many advantageous features are 

these: 

I. Objective lenses mounted directly into 
the metal mount avolding the use of 
Canada Balsam to hold them. 

Il. Fine adjustment so constructed as to 
avoid breakage ol cover glass when 
focused down upon it 

Il. A fool-proof fine adjustment, with 34 
thre ads of the screw alwavs engaged in- 
stead of but one 


NEW CATALOG SENT ON REQUEST 


SPENCER LENS CO. 
(SPENCER Manufacturers SPENCER 


Microscopes, Microtomes, Delineascopes, 
(erat Scientific Apparatys 
Ey) BUFFALO, N. Y. SUSAR 


Physics in Everyday Life 


1925 Edition 































a 


New section on radio. In the latest printing of PHYSICS IN 
EVERYDAY LIFE, by W. D. Henderson, twelve new pages on the 
subject of radio have been introduced. This material is adequately f 
worked out and is a distinct addition to the text. 


ts 


PHYSICS IN EVERYDAY LIFE increased in use over i 


last year by a gain in excess of 100°). In Indiana alone this 










text was adopted in 47 additional cities. 


A loose-leaf manual, entitled, APPLIED PHYSICS, with a sub- 
stantially constructed binder, which will hold the leaves in place, 
accompanies the text 





For further information, address 


LYONS AND CARNAHAN 


CHICAGO NEW YORK 
221 East 20th Street 131 East 23d Street 





SS 


ges Stet SS use a eee a = = = 
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In this edition much of the text has been rewritten The exercises 
with the exception of some of the practical problems are new and much 
more numerous and have been carefully graded J. M. K 
The Choice of a Col ege f 4 Con fort, P é lent oj H l ford Co Ce 

Pages vili+55. 10x16.50cem. Cloth, 1925. The Macmillan Company. 


Ne W York City 


This is a sple ndid little book which ought to be read by every parent 


who 18 contemplating sending son or daughter to colleg and it ought 


to be read by every young lady who expects to enter college, as it will give 
every one interested a phase of college life which is not found in any 


college registrar 


It is written by a man who is thoroughly conversant with all | s of 
colleges. The book touches upon phases of the college with which parents 
ought to be familiar C.H.8s 


] } 
Pages xiii +185. 14x20cm. Cloth, 1925. University of Chicago Press 
This is one of the best be ‘ f the kind that has come to the reviewers 

attention It has become as much a science to select subject matte 

for a book as it is to treat those subjects clearly and scientifi 

(me atte mptil ir to te if h ti is hook { innot help put present the I itter 
in a truly scientific manner, and the book emphasises the fact that enti- 
fic teaching is the all important method in this day and age 

There are ten chapters in the book and it is not so large | 

teacher can make ust I ry page It is printed in clear ten-point 

pe There are numerous text Si mentioned throug! he 
These are’ v le 

It is a book which should be in the hands of every person who desires 

to advance in the scientific methods of teaching science \ faithful 

study of this book cannot help but create within the student desire 

to do the scientif Wo! vit! t st ir ( H.S 


Editior P. Blakiston’s S & Co., Philadelp) 

The author of this takes the point of view that geot iis 
( t! natural scien | lent « geometr ere ‘ ring 
nd learning the facts 11a I part lar aspect of objec er l 

This point of view leads t nelusior hat geomet! } 
riven laboratorv treatm«e 

Che ithor is one of the ] ers who is trying to present ge I 
+. he ch d on the } aie } } I's experience nd | " of thir ng 


gd nH. mr? } j » 
duction by John Wesley J " Profe wr of Mathe rf dD t} 
College Pages xvii +256 13.5x19 en 1925 $1.90 Houghton 


Mifflin Co 

The reviewer had the pl ire recently (May, 1925) of calling the 
attention of mathematics 1 hers to a book by H. C. Barber on the 
Teaching of Junior High School Mathematics which reflected the new 


movement in the teaching of elementary mathematics 


He is again pleased to call attention to this book by Mr. Ligda, whic] 
points out the reasons wl elementary algebra in the traditional forn 


has been so unsatisfac tory It gives analysis of these reasons and 
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Replaceable Unit Furnaces 


Standard Apparatus for 
Determination of Ash 


Supplied in muffle form as per cut, 
also in crucible form and in tube form. 
The tube form is regularly used for 
organic determinations. 

Superior insulation gives greatest 
length of life to the heating units and 
lowest consumption of current. Size of 
muffle—from 7” x3%” x 2%” up. 





Write for Bulletin 267 which gives full details and prices 


EIMER & AMEND 


ESTABLISHED 1851—INCORPORATED 1897 
Headquarte rs for Laboratory Apparatus and Chemical Reagents 
NEW YORK, N. Y. 

Third Ave., 18th to 19th St. 




















Just Published 8vo, 322 pages, illus. 




















THE TEACHING OF SCIENCE | 
AND THE SCIENCE TEACHER | 


By 
Herbert Brownell and Frank B. Wade 


An interesting and sane discussion of the relationship 
of science teaching to education in general, w ith especial 
reference to secondary schools and the upper elementary 
grades. The book deals with the fundamentals of in- 
struction and considers special methods for the several 
sciences. 


You are invited to write for further information 


rreetan See. THE CENTURY CO. ee 
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He 

Hy 

a ] 

‘% rr 

i proposes remedies which are worthy of the consideration of all mathe- 
ua matics teachers. 

Hi The chapters on the use iof, the function concept in the solution of 
F ; 

4 } oblems nd proble m n s re especially interesting J Ml kK 

ia 


“EN 


| $3.60. Henry Holt « | 
i ‘The day when intuition was the chief basis of business judgment and 
+ unsupported hypothesis the mode in social studies seems to have passed 
if I owing the 1 e older and traditionally m rate 
y employing in g s n ever befor method sed 
upon the obsery ! Sis S 
Te hers wl ' gy ppl tions G thy 
problems of ¢ i 3 ss should 1 i tl 


I I e | 1924 N is lo I | 78 
his ! y mate , r 
during the eig t I. M. K 
| ( B. H. Cre Mik H 


] Pag 222. 16x24 c1 1925. Price, $2.7 r. I 
i s Ww Ux t 
; , +} } . | T : F ‘ . 
i and lus for eng g stud he have bat ts oi 
i 
ile ( | have there ig! out 
; 
ih I ; 
it 
is l ffere l l I e discus yf gents 
if 
hi | normals IM. K 
y '} } \ J ( I] Kno ( ae ( 4 ro 

/ Pp f 71 14 1 ( } 1925 B H 

“aT ‘ A { on g 

I} ul ord g %k on General Scie I om- 
1) ( ) I I} Sub tw tte! cur ( I ts 
; ent 

It y g g ) } rad , mature ' | 7 
I shman n Hig » g i 0 3 a tex nave no 
diff Lit mu yy 

It is pl i t p incalend 1 paper and the main 
po nh ¢ I parag ) printed WU Hola ed ft ) ‘ tical 
prob ep sughout tl boo! 

Bo f Kdueat I marke for a General Science te innot 
het te hemselves that gy th xt tor tl . ) Chere are 
three } i! 1 t 1S na h i-to Ss St { { | nt hout 
h ) hes eted for t he principles w h the re to 
illustrate C.H.S 

- fs 9- ‘ , acl — 

IDS Pages 15.50x23 en Paper, 1925 Cambridge Botanical Supply 

Company, Waverle V, Massachusetts 

? ry 


here has re ently come to our desk this spl ndid catalog of laboratory 
t Many new features are incorporated in the book, especially 


‘ ratus 
appara l 
Vi 
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PETERSON LABORATORY FURNITURE 








Chemistry Table No. 972 





Experience Counts 


Ww tional insti 1 this country u Pet 
I I I M l after exhaustive study of 
I ] tructi I | 
4 i t ized experi I 
t untry ov 
W P S I w la 4 


j Vo. 14-D 


LEONARD PETERSON & CO., INC. 


Manufacturers of Guaranteed Laboratory Furniture 
OFFICE AND FACTORY 
1222-34 Fullerton Avenue Chicago, Ill 
New York Sales Office: Knickerbocker Bldg., 42nd and Broadway 
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Back numbers of School Science, School Mathematics, and School Science and 
Mathematics may be held for 35 cents a single. The Mathematical Supple- 
ments for 20 cents a copy. In sets, the prices are, postpaid: 


School Mathematics and Supplements, Vol. I, five numbers $1.10 
School Science, Vol. I, seven numbers 5.75 
School Science, Vols. Il, 7 numbers 5.00 
School Science, Vol. 3. eight numbers 5.50 
School Science, Vol. IV, three numbers 85 
School Science and Mathematics, Vols. V, VI, VII, VIII, IX, X, XI, XII, XIII, 
XIV, XV, XVI and XVII, each 2.75 
School Science and Mathematics, Vols. XVII, XIX, XX, XXI, XXII, XXII! and 
XXIV, each 2.75 





ELECTRICALLY OPERATED 
AUTOMATIC GAS MACHINE | 
Requires No Attention 


Write to us for list of colleges and high schools 
using our machine Illustrated Catalogue Will Be 


M Sent on Request. \ 
i MATTHEWS GAS MACHINE Co. ) 
e 6 E. Lake Street CHICAGO, ILL. 


This Machine Will 
Automatically 


Produce 


GAS 


For your laboratories and 
Domestic Science Depart- 
ment 


as 
oni 
ts 





In use in hundreds of 
educational! institutions 
throughout the country. 











— 
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those for 


maintaining an aquarium, and those in which micro-projectors 

are given an important plac Something new here, which instructors 
will be interested in knowing about. 

The microscopical preparations are splendid. The descriptions of 

them par excellence The lists of slides being one of the best in existence, 


The equipment for High School Biology course is splendid, and will 
save instructors much time and expense if they should select the equip- 
ment as printed in this catalog for the one to be used in their laboratory. 


All Physics and Botanical teachers should possess a copy of this book. 


Send for it C.H.S 
Modern Physics by Leroy D. Weld, Coe College and Frederick Palmer, 
Haverford Collegs Pages xi+737. 15x22 cm. Cloth, 1925. P 
Blackiston’s Son & Co., Philadelphia, Pa 
The plan of this book is excellent It has been written in such a 


manner as to make the subject popular and yet, at the same time, not in 
any way making the subject matter cheap. The fundamentals of the 
subject are presented in a clear, concise and interesting manne! ind 
in such a form of language that the average student can understand the 
text without any additional explanation. 


Emphasis has been put upon the physical conception of the matter 


discussed rather than upon the mathematical presentation ol the phe- 
nomena involved The wave method rather than the ray method has 
been adopted whe n Lise Issing the le nses and mirrors 


The book is divided into twenty-two chapters and is printed in ten- 


point type, Major par igraphs be ginning in bold-faced type Kach ch ipter 
closing with a list of problems bearing upon that chapter. These pro- 
blems are well and carefu selected As already suggested, very little 
mathematics is given In fact, none but what the ordinary high school 


pupil might be able to understand 

There are five hundred well selected and well executed drawings and 
half-tones There are tables of constants sufficient to meet all the needs 
¢ 


a) the text It is well indexed There being eleven double ylumn 


pages 1n this ph ise of the work 


It is printed on a good quality of paper not too highly calendered, 
thus making it not too hard to read by glaring reflected light It is a 
book that every physics teacher should possess 

C.H.S 
Elementary Psychology by Arthur I. Gates, Teachers’ College, Columbia 

University Pages xiv+594 13.50x20.50 em Cloth, 1925 The 

Mac Millan Co., New York City 

There has been a demand for a book on Psychology, elementary In 


its nature, which would discuss topics centering around this topic which 
would be treated scientificall et at the same time in a manner that 
the ordinary lay-reader as well as the general student will be able to 
understand without very much difficulty Such a text we find in this 
book 


On the whole, the main scussion is on the simple facts of 


J 
3 
> 


Being an elementary text with a leaning towards the higher facts of 
Psychology, there are more or less limitations, but the field as a whole 
book that ought to be in the hands of all 


secondary teachers of the subject 


s 


is covered splendidls 


The Universit. ind Coll ge men will be able to secure some adjustment 


of their new circumstanves by a careful study of its contents The 
diction is good, facts are reliable, printed on uncalendered paper, bound 
splendidly and will st ind h urd IS€ C H S. 





























MECHANICAL EQUIVALENT OF HEAT APPARATUS. 


A simplification of the apparatus used by Rowland in his classical 
experiments. Aside from the Water Jacket with Cover, etc., and a 
Motor for driving the mechanism, this apparatus includes a special 
calorimeter in form of a Churn or vessel with paddles, in which vessel 
water is heated by expenditure of mechanical work, a Yoke through 
which the motion is transmitted, a Counterweight which furnishes 
the resistance required to hold the shell of the churn stationary, and 
a Base-Board for holding the Water Jacket and Motor in their proper 
relative positions. 





C1160. SCIENTIA APPARATUS FOR MECHANICAL EQUIVA- 
LENT OF HEAT, complete with 1-8 H. P., 100-volt direct current 
motor : $166.00 


C1161. SCIENTIA APPARATUS FOR MECHANICAL EQUIVA- 
LENT OF HEAT, complete with 1-8 H. P., 110-volt, 60 cycle, Alter- 
nating Current Motor $163.00 


Our catalog listing High Grade Physical Apparatus for Ad- 
vanced Laboratory Work and Demonstration has just been 
published and we shall be glad to send a copy if interested. 


Write for Catalog H-D:1923 


The Gaertner Scientific Corporation 


Successor to Wm. Gaertner & Co. 


1201 Wrightwood Avenue Chicago, U. S. A. 
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Pre parat on and Use of Ne 7 j pe Examinations b 4 Donald G. Pate 
University of Mir nesota Pages vi+87. 13.50x19.50 em Pay 
1925. Price, 60c. World Book Company, 2126 Prairie Aven 


Chicago 


This book has been prepared for the express purpose of enabling teach 
to make use of new types of examinations in pla e of the old style f 
of essay examinations, either for monthly tests or for the final examinati 

It not only will be helpful to college and university instructors but 

I 
high school men as well Chere is growing demand for a t 


examination which will eliminate very largely this essay form of ar 


work and reduce the final answers to & minimum This not ol 
save time on the part of the examined but it will also save much ti: 
the part of the examiner as he will be very mut h more inclined 
accurate in his reading a short answer than he would a long 

This book is an outgrowth of experience in new forms of exam 
and is well worth the while of every instructor trying it out All te 
should get in touch with the author if they believe the form of exan 
can be improved AD mo 
The Early En b) yoloq / of the Cl DY B “adle j VU P ten, { ociatle P 

of Histology and Embryology, School of Medicine, West Re 

Univers ty Pages Xl + 177 23x155 em Cloth, 1925 P B 

ton’s Son & Co., Philadelphia 

The author has made a commendable attempt to outlin 
facts of early chick development without exhausting the subj 
necessity for brevity and clarity in elementary texts is witnessed 
popularity of the outlawed compends among medical students | 
are 63 series of figures, most of which are new and the labels of wl 
direct The drawings represent every phase of thi oratory worl 
the chick, and in the hands of the beginner ma ver 
detrimental is the student ‘hdooses to make them The tyne t 
point The subject heads stand out well, the paper is good q 
The reviewer is verv favorably impressed with the book as text 
beginner's course in general en volog) J. 1 


Unive rsity [st edition P es VI LO45 Lox2?0.5x4 I ( 
1925. D. C. Heath & C 
This new book from the pen of 80 Wt ll known a write! 


Lyman C. Newell calls for a careful study on the part of every teacl 


of general chemistry in our colleges On first glance it becomes appare! 


r 
Rial 


hy? ; 
! on rie new 


that Professor Newell ha put much time and thoug 


phases of general chemistry and a study of the parts of chapters dealin 


with such topics as colloid chemistry, atomic structure, and radioactivit 
shows that he has taught thess ibjects with the skill of the ma 
teacher. His method is to teach some of the fundamental out! 
subject and then to refer to ind apply it to case after case in 
portions of the book. The chapter on Chemical Equilibrium esp 


commands the admiration of the reviewer 


One of the outstanding features of the book is the use of a large numl 
of photographs of distinguished chemists, many of them being reprod 
from originals in the possession ol the author There are ilso mar 
excellent pictures of industrial plants and appliances and much condenses 
industrial chemistry is tucked in between the covers As was said 


first the book should be examined by il] college té rehe rs yT cvenie 
chemistry, Fr. B W 
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Readers of SCHOOL SCIENCE AND MATHEMATICS are all of a 
constructive nature. It is an antidote for pessimism in science and 
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quality and optical properties of 
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BAUSCH & LOMB OPTICAL CO. 
631 St. Paul St. Rochester, N. Y. 


Below 


ditop f 
TT DISSECTING MICROSCOPE 


TRIPOD MAGNIFIER 





























Please mention School Science and Mathematics when answering Advertisements. 

















Special Features of 


WELCH DIRECT CURRENT METERS 


‘orrecting 
Device Operated Viuminum | Tu vi 
je of cas Pointer— Knife 


trom outside ¢ ; 
Edge End Light 


Full Size 5” Scale 





Coil Frame of 
Aluminum Tu 
Enamel Wir Sapphire 
Lov Resistar Hard, 
Depend- 
Insulated 
Wires, 
Guaranteed 
Accuracy Gar 
1% of Scale ( between 
s and 
M ' the 
( the High 
" nd Sensi- 
Welch 
, +n r 
Zero Tempera- M 
ture Coefficient aring can Dead Beat 


Mounted in Dust Tight Enameled Brass[Case Mounted on' Double Genuine 
Mahogany Base 


Made in All Ranges 








Note the prices on the standard ranges listed below 

Ammeter, Direct Current, No 57B 2757D 
Range Zero to, imperes | 25 
Smallest division, ampers ( 0.25 
Each $16.00 $16.00 
Lots of 3, each $14.50 $14.50 
Ammeter, Direct Current, with doubie scale, No 27578 
Range, zero to, amperes 15 and 1.5 
Smallest division, amperes 0.1 ar 0.01 
Each $18.00 
Lots of 3, each = $16.00 
Voltmeter, Direct Current, \ 758A 7581 58D 758L 
Range, zero to, volts 15 150 1.5 
Smallest division, volts 0.1 1.0 0 0.1 
Each $16.00 $16.00 $18.00 $20.00 
Lots of 3, each.. $14.50 $14.50 $16.00 $18.00 
Voltmeter, Direct Current, with double scale, No 7581 2758C 
Range, zero to volts (54 8 150-15 
Number of scale lines 150 150 
Fach $??.00 $18.00 
Lots of 3, each $20.0 $16.00 
Volt-Ammeter, Direct Current, combined instrument, No 2757 
Range, zero to 10 t nd 10 amps. 
Smallest division 0.1 volts and 0.1 amps. 
Each $.: $18.00 
Lots of 3, each $16.00 

Write for ¢ j m blete t of range 
<0 = 7 Wouter 77 < s aa 
CA Sign of Quality NJ&LCIr CA Mark of Service 
" py» a 








W.M. Welch Scientific Company 


Scientific Department of W. M. Welch Manufacturing Company 


1516 Orleans St., Manufacturers: Importers and Exporters of Chicago, Ill.,U.S.A. 
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